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Introduction 

In order to remain competitive in the marketplace, compa¬ 
nies are being driven to reduce product manufacturing 
costs while adding more features and improving reliability. 
Users of low density discrete PALs are turning to higher 
density erasable programmable logic devices (EPLDs) to 
meet these goals. 

PALs are easy devices to use. Device timing is fixed, 
routing issues are nonexistent and the device architec¬ 
tures are simple and understandable. Many EPLDs how¬ 
ever, exhibit timing unpredictability, routing limitations, and 
limited functionality that can trap the unwary first-time 
EPLD user. Couple that with the task of learning how to use 
new design-entry software, and what appeared to be a 
simple task can turn into a nightmare. 

This application note shows how Xilinx EPLDs can be used 
to simplify the task of reducing the number of discrete low 
density PALs on a board. This direct PAL conversion is 
made possible by a unique combination of: 

• Architectural features 

• Software methodology 

• Broad product family 

Xilinx EPLD Architecture 

In order to support direct PAL conversion, Xilinx XC7000 
EPLDs have a PAL-like architecture. Each device consists 
of several PAL-like logic blocks, called Function Blocks 
(FBs), on a single 1C, all interconnected by a fully popu¬ 
lated switch matrix. Each FB can be thought of as a 21V9 
PAL, with 21 complementary inputs and an AND-OR array 
with 57 product terms feeding 9 outputs. 


The Xilinx EPLD Function Block is highly flexible superset 
of the low density PAL. The product term intensive FB has 
five individual product terms per output. In addition, there 
are 12 product terms that are shared between all 9 outputs. 
Each output can be configured as either registered or 
combinatorial. Each register has individual set, reset and 
output enable control and can be clocked either individu¬ 
ally or by global clocks. In addition, each output has an 
available XOR gate that can be used for XOR functions or 
toggle flip flop emulation. 



Although product-term-intensive, the timing is fixed. No 
matter whether the output is performing a single product- 
term function or a 17 product-term function with the XOR 
gate, the timing doesn’t change. 


All of the Function Blocks on a Xilinx EPLD are intercon¬ 
nected by a fully populated Universal Interconnect Matrix 
(UIM™). 


Unlike other vendor’s sparsely populated matrices that 
create routing problems and have fanout-dependent tim¬ 
ing, the UIM is a fully populated, non-blocking switch 
matrix that features a constant delay, independent of 
fanout. Every Function Block output and every signal from 
every input and I/O pin all feed into the UIM.The UIM in turn 
drives every input of every FB. This means that each 
Function Block input can be driven by any input pin, 
any I/O pin and any Function Block output - just like 
connecting PALs on a board, but better. 


In addition to serving as an interconnect, the UIM may also 
function as very wide input AND array. This allows the 
EPLD to generate product terms in the UIM similar to a low 
density PAL AND array. The propagation delay is fixed 
regardless of the number of signals used to generate the 
product term, or the source and destination of those 
signals. 
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Figure 1. Xilinx EPLD PAL-Like Function Block 
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Figure 2. Universal Interconnect Matrix Figure 4. I/O Block 


The EPLD has programmable I/O blocks for driving the 
device pins. The I/O blocks can be used to decouple the 
Function Block’s outputs from the device pins so the 
Function Block outputs may be buried while still retaining 
the use of the pin as a device input. The I/O blocks also 
provide output inversion control and the ability to latch and 
register input signals. 

Xilinx EPLD Software 

When it comes to programmable logic, silicon is only part 
of the solution. Software is required to translate ideas into 
reality. The Xilinx EPLD Translator (XEPLD™) works with 
industry standard PAL logic compilers and languages such 
as ABEL, CUPL and PALASM. One can directly import 
JEDEC files from old, proven designs using 22V10s and 
20V8s. 

The XEPLD system allows design entry with familiar front 
end tools. Once the design is entered, XEPLD simply acts 
as a fitter, taking the design description and mapping it into 
the chosen Xilinx EPLD. 

In addition to being easy to use, XEPLD is very powerful. 
One of the most important functions of a fitter for high 
density programmable logic is Automatic Partitioning.The 
design can be entered without having to first partition it into 
Function Block-size pieces.This lets the designer concen¬ 


PC Board 


Xilinx EPLD 




trate on the functionality of the design, not its physical 
implementation. 

The PAL Conversion Process 

The PAL conversion process is begun by identifying which 
group of PALs are to be converted to a single EPLD. Then 
choose the appropriate Xilinx EPLD, based on the I/O and 
logic requirements. Xilinx makes this process easier by 
offering each device in a variety of footprint-compatible 
packages. This flexibility allows the designer to upgrade to 
a higher density device without having to change the board 
layout, should the logic requirements change. 

Since the timing of the Xilinx EPLD is absolutely predict¬ 
able, it is an easy matter to verify that the design will meet 
all critical timing requirements. By eliminating delays get¬ 
ting on and off chip, even 5 ns PALs can be converted to a 
single Xilinx EPLD. 

The choice of whether to do equation-based design entry 
or schematic-based design entry is based primarily on the 
user’s preference. Equation-based entry allows the user to 
concatenate PALASM equations from multiple PAL files 
without any restrictions on the PAL type. 

On the other hand, schematic-based design entry may be 
easier to conceptualize, and it allows the user to directly 



Figure 3. The 100% Interconnect 


Figure 5. Development System Overview 
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Figure 6. Automatic PALCONVT Ulility Runs Under the Xilinx Design Manager 
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Figure 7. Original UART Design 
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PATTERN uartdemo.pld - file made by PALCNVT command 

; Behavioral design example for XC7354-xxPC68 
; Demo usage: fiteqn -e uartdemo -p 7354 

CHIP uartdemo XEPLD 

INCLUDE.EQN shifter.pld' 

INCLUDE_EQN 'rcvr.pld' 

INCLUDE.EQN 'datareg.pld' 

INCLUDE_EQN cntr6.pld' 

INPUTPIN SDIN X4CLK RD CS 

OUTPUTPIN DOUT7 DOUT6 DOUT5 DOUT4 DOUT3 DOUT2 DOUT1 DOUTO 

NODE D7 D6 D5 D4 D3 D2 D1 DO CO Cl C2 C3 C4 C5 PAR READ 

; declarations added after palconvt: 

outputpin start byteclk bitclk framing parity overun ready 

EQUATIONS 

; equations added after palconvt: 

START PRLD = GND; 

BITCLK.PRLD = GND; 

READY.PRLD = GND; 

BYTECLK.PRLD = GND; 

OVERUN.PRLD = GND; 

PAR.PRLD = GND; 

PARITY.PRLD = GND; 

FRAMING.PRLD = GND; 

Figure 8. Design File UARTDEMO.PLD 


import JEDEC files for 22V10 and 20V8 PALs (PALASM 
equations may be used for other PAL types). 

The following examples show how to use XEPLD to directly 
convert a multiple-PAL design to a single Xilinx EPLD. The 
examples show the use of both equation and schematic- 
based design entry methods. The design, shown in Figure 7, 
implements a UART originally implemented with three 
22V10s and a single 20V8. 

Equation-Based Design Entry 

Direct PAL conversion is easily accomplished with a modular 
design approach. Each PAL in the design can be treated as 
an individual module. A Top-Level design file, created by the 
XEPLD PALCONVT utility simply links all of the modules 
together. 

The design file UARTDEMO.PLD, shown in Figure 8, was 
created with PALCONVT. This file is written in PLUSASM, the 
XEPLD native syntax, and should look very familiar to those 
familiar with PALASM. The CHIP statement contains the 
filename of the Top-Level file and targets a Xilinx EPLD. 
INCLUDE_EQN keywords instruct XEPLD to concatenate 
the PALASM equations contained in each of the included files 
that were generated by the PAL compiler. INPUTPIN, 
OUTPUTPIN and NODE keywords then follow to define the 
device inputs, outputs and nodes. 


The EQUATIONS keyword indicates where the equations 
section of the design file begins. After reading this keyword, 
XEPLD reads all of the equations in the included files, 
automatically partitions the equations and converts the mul- 
tiple-PAL design into a single chip solution. This design flow 
is illustrated in Figure 9. 

For each PAL in the design, generate a PALASM2 Boolean 
equation file from the original PAL source code. This is easily 
done with the XEPLD utility PLA2EQNX (for ABEL) or the 
CUPL -c compiler option. At this time, verify that the signal 
names in each PAL pinlist establishes the proper signal 
connectivity for the design. 

After generating the Boolean equation files, invoke XEPLD 
and do the following: 

• Select the target device 

Open up the FAMILY menu and select the XC7300 device 
family. Then open up the PART menu and select the target 
Xilinx EPLD. 

• Create the Top-Level file 

Use the FITTER -> PALCONVT command to create the 
Top-Level File, selecting the PAL equation files (.PLD or 
.PDS) that you want to link together with the Create new 
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Figure 9. PAL File Conversion Diagram 
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Figure 10. Schematic-Based Design Flow 


PLD and PAL Interconnect option. Edit the pin declaration 
statements in the file to suit the design’s I/O requirements. 

• Fit the design 

Run FITTER -> FITEQN to implement the design in 
the target device. 

• Generate the programming file 

Run VERIFY -> MAKEPRG to generate the Hex 
format programming file. 

The device can now be programmed and the correct 
operation verified. 

Schematic - Based Design Entry 
The schematic design entry flow is also simple and 
straightforward. The XC7000 component library contains 
22V10 and 20V8 PALs to simplify the PAL conversion 
process. It is a simple matter to connect the PALs exactly 
as in the original design and import JEDEC files that 


describe their functionality. For other PAL types, PLUS- 
ASM compatible PALASM2 Boolean equation files can be 
targeted at generic 20 and 24-pin PAL symbols in the 
XC7000 library. Instructions showing how to use ABEL, 
CUPL and PALASM to generate the required equation 
files appear in the Xilinx EPLD Handbook. XEPLD then 
processes the netlist and PAL files to convert the design to 
a single-chip solution. The design flow is illustrated in 
Figure 10. 

After generating the proper files with a PAL compiler, use 
a schematic editor to capture the design. Assign the 
PLD=<file_name> attribute to each PAL in the schematic, 
linking it to an intermediate file describing its function. 
Save the design and process it as shown: 

• Import 22V10/20V8 JEDEC Files 

Run TRANLATE -> JED2PLD for each JEDEC file in 
the design selecting the JEDEC file to import and the 
PAL type (22V10 or 20V8). 
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• Compile the Design 

Run TRANSLATE -> XEMAKE -> DONE. Select the 
name of the schematic with the Make Intelhex Bitmap 
option and assign an identifying signature, design.a. 

XEPLD automatically processes the entire design, opti¬ 
mizing, partitioning, and mapping the logic into the target 
device, then generating a programming file with a unique 
identifying signature. The device can now be pro¬ 
grammed, installed on the board and correct system 
operation verified. 


Conclusion 

This application note demonstrates how easy it is to 
directly convert PAL based designs to a single Xilinx 
XC7000 EPLD without any redesign. This direct PAL 
conversion process is only possible when the target device 
logic blocks have a PAL-like architecture, the interconnect 
matrix is fully populated, and chip timing is deterministic. 
All of these features are incorporated in the XC7000 
EPLDs. The EPLD Translator software simplifies this task 
by interfacing directly to the most popular third party 
design tools. 
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Introduction 

This application note presents a main memory sub¬ 
system solution for any speed grade Pentium micropro¬ 
cessor with a 66 MHz bus clock and is capable of 
supporting zero wait-state transfers. This is achieved 
without relying on a second level cache to improve sys¬ 
tem performance. Instead, this memory subsystem takes 
advantage of the Pentium's pipelined access mode and 
memory interleaving to achieve zero wait-state accesses. 

The control logic required to implement the DRAM con¬ 
troller needs to be fast enough to run at the processor 
bus clock frequency and wide enough to decode signals 
from the both CPU and the two memory controller state 
machines (one for each bank of memory). The control 
logic must also have 3.3 V I/O capability to interface 
directly to the DRAM without additional buffers. In addi¬ 
tion, to minimize the microprocessor's output signal load¬ 
ing, especially on the /ADS strobe, chip count needs to 
be minimized. 

A 44-pin Xilinx XC7354-10 EPLD integrates the DRAM 
control functions into a single chip. This device has an 
internal cycle time of 77 MHz and features register delays 
compatible with both the Pentium microprocessor and 
synchronous DRAM. It's 3.3 V I/O can drive the synchro¬ 
nous DRAM directly, avoiding the delays introduced by 
external level-shifting buffers. 

The DRAM address multiplexing and pipelining is handled 
by a 44-pin XC7318-7 EPLD. It’s 3.3 V I/O and 24 mA 
drive make it well suited for driving the DRAM array 
address bus. 

Before proceeding with the memory system description, 
a quick review of the Pentium and synchronous DRAM 
operation may be helpful to those readers not familiar 
with these devices. 

Pentium Bus Operation 

The Pentium processor is connected to the system 
through a synchronous bus that operates at up to 66 MHz. 
A bus cycle begins with the Pentium driving an address 
and asserting bus cycle definition pins with a valid address 
strobe and ends when the last burst ready signal is 
returned to indicate that the bus cycle is complete. A single 
read or write transfer takes two clock cycles to complete 
without any wait states. When performing cache fill or write 
back cycles the processor uses a burst transfer mecha¬ 
nism instead. The opening access of the burst transfer still 


takes two clock cycles, but the second, third and forth data 
transfer only take one clock each. 

When accessing memory, the processor requires the 
memory controller to determine if the access will result in 
a burst transfer. If a burst transfer is performed, the mem¬ 
ory controller is required to generate the burst addresses 
since the processor only provides the address for the 
opening access of the burst. 

The Pentium also has the capability of pipelining 
accesses to improve memory system performance. Pipe¬ 
lining allows the memory subsystem to begin a new 
memory access while the previous memory access is still 
in progress. This feature reduces the latency required to 
perform the opening accesses of burst transfers. 

In this design, the Pentium is connected to the EPLD 
through the address bus and cycle definition signals. The 
Pentium cycle definition signals used in this design are 
address strobe (/ADS), write/read (WRITE) and cache- 
ability (/CACHE). The address bus and byte enables 
(BE[0:7]), are decoded to generate the correct DRAM 
access signals. The EPLD generates burst ready 
(/BRDY) to terminate the access and next address (/NA) 
to indicate that it is ready to begin a pipelined memory 
access. 

Synchronous DRAM Operation 
Synchronous DRAMs are designed for use in high-band- 
width main memory subsystems. They derive their high 
performance through the use of internal address pipelin¬ 
ing, and are able to provide valid data on every rising 
clock edge after the clock latency period has elapsed. 
Unlike a standard DRAM however, an internal mode reg¬ 
ister must be initialized to control how the device oper¬ 
ates before any memory accesses take place. In 
addition, these 3.3 V memories can't be directly driven by 
programmable logic with standard TTL and CMOS output 
levels. Their low voltage TTL inputs must be driven by 
logic that has LVTTL compatible I/O such as the Xilinx 
XC7000 devices. 

These devices have a synchronous interface to the sys¬ 
tem with level sensitive strobes and address inputs that 
are sampled on rising clock edges. Data is also clocked 
into and out of the DRAM on rising clock edges. The 
address bus is multiplexed as on a standard DRAM but 
the addresses are clocked into the chip when the 
address strobes are sampled active. This means that the 
designer does not need to be concerned about maintain- 
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ing precise control of the timing relationships between 
the address strobes and address inputs or the write 
strobe and data. The designer need only ensure that the 
inputs meet the synchronous DRAM input setup and hold 
requirement. 

The EPLD issues commands to the DRAM through four 
control inputs; row address strobe (/RAS), column 
address strobe (/CAS), write (/WE) and chip select (/CS). 
Although these signals have the same names as a con¬ 
ventional DRAM, they need only be sampled active for 
one clock cycle when commands are issued. The data 
mask inputs (DQM) control the output buffers during read 
cycles and data masks during write cycles. The clock 
enable (CKE) is not used in this design. 

Memory Subsystem Performance 
Simulation studies by Intel show that Pentium perfor¬ 
mance during cache fills is more sensitive to wait states 
incurred during burst read transfers than to wait states 
incurred during the opening transfer of the burst. This is 
because every wait state incurred while bursting affects 
three transfers and has a larger impact on bus utilization 
than the wait states that occur once during the opening 
transfer. 

Compared to read cycles, the Pentium’s in-system perfor¬ 
mance was observed to be much less sensitive to wait 
states during write cycles. However, if a DMA controller is 
present in the system, wait states during each transfer of 
a block write operation could have a significant impact on 
system performance. 

Therefore, this memory subsystem was designed to per¬ 
form zero wait accesses for both read and write burst 
transfers. The latencies incurred during the opening 
access of each burst cycle could be partially, and in some 
cases completely, hidden by taking advantage of the pro¬ 
cessor's pipelined access capability. Thus, pipelined 
burst reads by the CPU and pipelined DMA burst reads 
and writes can be completed in as little as five clock 
cycles as shown in Table 1. 

Table 1. Memory System Performance 


Cycle Type 

Clocks 

Burst Read Cycle 

9-1-1-1 

Pipelined Burst Read (Alternate Bank) 

2-1-1-1 

Burst Write 

4-1-1-1 

Pipelined Burst Write (Alternating Bank) 

2-1-1-1 


Memory Subsystem Overview 

A block diagram of the memory subsystem is shown in 
Figure 1. The 16 MByte DRAM memory array consists of 


eight byte wide synchronous DRAM. These 16MBit 
devices are organized internally as two 1Mx8 banks. 
Since each bank can be accessed independently through 
common address and data pins, external address latches 
and data path multiplexors are not required when imple¬ 
menting a two-bank interleaved system. 

The registered DRAM address multiplexor logic multi¬ 
plexes and pipelines the DRAM row and column 
addresses during normal accesses as well as generating 
the proper DRAM addresses during the DRAM mode 
register write cycle. This is a good example of the I/O 
intensive high performance applications that the 44-pin 
XC7318 was designed for. 

The DRAM controller was implemented in a single 44-pin 
XC7354. The DRAM controller logic contains two inde¬ 
pendent DRAM control state machines; one state 
machine for each memory bank. These state machines 
share common CPU inputs and control the DRAM 
through shared output control signals, however they allow 
each bank of DRAM to be accessed independently of the 
other. One of the state machines also is responsible for 
performing the DRAM mode register write cycle after sys¬ 
tem reset. In addition to controlling the DRAM, this logic 
also generates the CPU Next Address signal to support 
address pipelining and consolidates the system's /BRDY 
inputs for the CPU. 

Registered ’646 type transceivers were used to pipeline 
data between the DRAM array and the CPU. Although 
this introduces one additional period of clock latency, this 
permits the data path logic to complete each data trans¬ 
fer in one clock while bursting. 

DRAM Controller Overview 

The DRAM controller consists of two independent state 
machines, a set of internal flags and a registered output 
decoder, and as shown in Figure 2. The two state 
machines share control of a single set of registered out¬ 
puts that decode each machine's state bits, cycle termi¬ 
nation signals and data masks. The nine flags control 
inter-state-machine communication and latch memory 
access requests, refresh cycle requests, and CPU cycle 
definition signals as shown in Table 2. 

The ABEL-HDL code in Appendix A contains comments 
that completely describe the internal operation of the 
DRAM controller. The design files, compressed into 
XAPP049A.ZIP are also available on the Xilinx BBS. 

Memory Access Descriptions 

Several types of memory accesses are illustrated to show 
how the Pentium, DRAM controller and synchronous 
memory work together in this memory subsystem. Timing 
diagrams are used to show waveforms as well as the 
internal states of the memory controller state machines. 
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Figure 1. Memory System Block Diagram 


Memory Configuration Cycle 

Unlike conventional DRAM, an internal mode register must 
be loaded to configure the DRAM for the desired operating 
characteristics. The DRAM was configured for a CAS 
latency of three clock cycles, and an interleaved address 
wrap and a four transfer burst to conform to the Pentium 
address wrap sequence and burst length. The mode regis¬ 
ter contents to be loaded are shown in Figure 3. 



Figure 2. DRAM Controller Block Diagram 
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X5529 

Figure 3. Mode Register Contents 


When the DRAM mode register address space is 
accessed by the CPU, the DRAM controller precharges 
both memory banks, then asserts the appropriate control 
signals to load the mode register as shown in Figure 4. 
During the memory precharge command, DRAM address 
bit A10 must be a 1 to precharge both banks of memory, 
however a 0 must be loaded into A10 of the mode regis¬ 
ter. The DRAM controller uses the address multiplexor to 
manipulate this address bit during the memory configura¬ 
tion cycle. 

Once the memory configuration cycle is complete, the 
controller asserts /BRDY to terminate the CPU bus 
access. The memory controller is now ready to respond 
to memory access and refresh requests. 


Table 2. DRAM Controller Flags 


Flag 

Definition 

Rfrq 

Refresh Request 

BankA_Pending 

BankB_Pending 

Latched CPU Access Request 

BankA_Write, BankA_Cache 
BankB_Write, BankB_Cache 

Identifies Read/Write and Burst Read/Write Access Start 

WaitA 

WaitB 

State Machine Wait State Outputs Used to Defer Access Start 
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Read Cycles 

The Pentium performs a four transfer burst access when 
filling its on-chip cache as shown in Figure 5. If the mem¬ 
ory bank is already precharged the access takes twelve 
clock cycles. However, the controller is ready to start a 
pipelined memory access after only five clock cycles 
have elapsed. By interleaving accesses between mem¬ 
ory banks, a pipelined cache fill can be completed with¬ 
out any wait-states as shown in Figure 6. 
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Figure 7. Pentium Single Read/Single Read Access (Same Bank) 


With the memory banks divided on 32 byte boundaries to 
maximize burst transfer performance, pipelined single 
data reads may have a higher likelihood of hitting the 


same bank as shown in Figure 7. However, if the alter¬ 
nate bank is hit the access takes only five clock cycles as 
shown in Figure 8. 
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Figure 9. Pentium Burst Write Access 


Write Cycles 

The Pentium also performs four transfer burst write cycles 
when writing back the contents of its on-chip cache to the 
main memory. If the memory bank is already precharged 
this takes seven clock cycles as shown in Figure 9. 


The Pentium processor will not pipeline write cycles into 
write cycles. However, if the system DMA controller per¬ 
forms pipelined burst write accesses, each access can 
be completed in as few as five clock cycles as shown in 
Figure 10. 
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Figure 11. Pentium Single Write/Single Write Access (Same Bank) 


With the memory banks divided on 32 byte boundaries to 
maximize burst transfer performance, pipelined single 
data writes may have a higher likelihood of hitting the 


same bank as shown in Figure 11. However, if the alter¬ 
nate bank is hit the access takes only five clock cycles as 
shown in Figure 12. 
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Figure 12. Pentium Single Write/Single Write Access (Alternating Bank) 
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Figure 13. Pentium Burst Read/Single Write Access (Pipelined, Alternating or Same Bank) 


Read/Write and Write/Read Cycles 

Examples of write cycles that follow read cycles are 

shown in Figures 13,14 and 15. Examples of read cycles 


that follow write cycles are shown in Figures 16, 17, 18 
and 19. 
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Figure 16. Pentium Burst Write/Single Read Access (Alternating Bank) 
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Figure 18. Pentium Single Write/Single Read Access (Alternating Bank) 
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Figure 19. Pentium Single Write/Single Read Access (Same Bank) 


Refresh Cycle 

The DRAM controller accepts refresh requests from an 
off-chip refresh timer. The controller latches the external 
refresh request and synchronizes it before it is sampled 


by the Bank B state machine. The state machine arbi¬ 
trates between the refresh and access request, servicing 
the access request after the refresh cycle has been per¬ 
formed as shown in Figure 20. 
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Figure 20. Refresh Cycle 


Design Considerations 

Xilinx EPLDs are optimized for designs that require very 
high speed logic paths and complex state machines. To 
meet the different speed/density requirements of the 
these functions, the Xilinx XC7354 features two different 
types of logic blocks on a single 1C. This Dual-Block™ 
architecture combines High Density Function Blocks opti¬ 
mized for density, and simpler Fast Function Blocks 
(driven directly from Fast Input pins) optimized for speed, 
on the same device. By featuring multiple types of logic 
blocks on a single device with a 100% populated switch 
matrix that guarantees 100% routing with 100% utiliza¬ 
tion, the Xilinx EPLD avoids the classical trade-offs of 
speed vs. density vs. routing resources. 
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Figure 21. Pentium Requirements for Control Path Timing 


Synchronous DRAM features fast setup times for both 
control and data inputs. The XC7354-10 supplied control 
signals are available no later than 10 ns after the rising 
edge of clock. This allows 5 ns for trace delay and DRAM 
t S u which means the XC7354-10 is compatible with syn¬ 
chronous DRAM timing requirements. 


This section discusses the design's timing requirements 
and design considerations. It shows how best to take 
advantage of the Xilinx XC7000 Dual-Block architecture 
to meet those requirements. Timing information is based 
on the worst case AC specifications for the XC7354-10 
published in the 1994 Xilinx Programmable Logic Data 
Book. Timing information for the Pentium is taken from 
the 1993 Pentium Processor User's Manual. 

Table 3. Data Sheet Timing Parameters 


Device 

X S\J 

l CO 

Pentium-66 

5.0 

8.0 

XC7354-10 

5.0 

8.0 

XC7318-7 

4.0 

5.5 


Handling of Critical Signals 

In many designs, there are only a limited number of criti¬ 
cal input and/or output signals. Critical signals are easily 
flagged by using property statements in the ABEL-HDL 
code. The software then automatically assigns critical 
input signals to the Fast Input pins, and partitions the crit¬ 
ical logic functions into the Fast Function Blocks. 

The critical DRAM controller input signals in this design 
are the Pentium address lines, /ADS strobe and WRITE. 
The DRAM controller needs to decode the Pentium 
address lines and the /ADS strobe within one clock cycle 
to detect an access to the DRAM address space. The 
bank state machines also need to sample the WRITE sig¬ 
nal during the first clock cycle to determine if the 
requested access can potentially conflict with another 
access that may be in progress. 


Critical Timing Parameters 

To interface with the Pentium, the register delays of the 
programmable logic must be Pentium compatible. Since 
the Pentium address and control signals used in this 
design become valid 8 ns after the rising edge of clock, the 
system has only 7 ns to recognize these signals on the 
next clock edge. The Pentium requires that its /BRDY and 
/NA inputs be valid 5 ns and 4.5 ns, respectively, before 
the rising edge of clock leaving the system 10 ns (including 
board trace delays) to generate these control signals. 
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Figure 22. Synchronous DRAM Timing Requirements 
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To minimize setup to clock for these signals, they are 
assigned to the Fast Input pins and the state bits and 
DRAM strobes that sample these signals in the first clock 
cycle are assigned to the Fast Function Blocks. Fast 
Input setup to clock on the XC7354-10 is 5 ns, however 
one additional ns is required in this design because some 
of the logic functions assigned to the Fast Function 
Blocks require product terms from adjacent Macrocell. 
This allows 1 ns for chip-to-chip delay. 

The critical DRAM controller output signals are the Pen¬ 
tium /BRDY and /NA inputs and the registered multiplexor 
row/column select line. These functions are assigned to 
Fast Function Blocks to take advantage of their 8 ns clock 
to output delay. This allows 2 ns for chip-to-chip delay 
between the DRAM controller and the Pentium, and 4 ns 
between the DRAM controller and the multiplexor. 

Not all of the state machine bits are critical in this design. 
States were assigned in a way that only two state bits 
from each state machine make transitions based on Fast 
Inputs. This gives the software the freedom to map the 
other state bits into the more product-term intensive High 
Density Function Blocks. This state assignment tech¬ 
nique takes full advantage of the Dual Block architecture 
for product term intensive state machines that require 
fast register setup times. 

Likewise, only the DRAM /RAS and /CS strobes need to 
make transitions based on Fast Inputs. The remaining 
DRAM control signals can be mapped into the High Den¬ 


sity Function Blocks. Their 10 ns clock to output still 
allows 2.5 ns for chip to chip delays between the DRAM 
controller and the DRAM. 

Conclusion 

High performance memory subsystems for the Pentium 
do not require expensive, power hungry second level 
caches. Systems based on synchronous DRAM using 
3.3 V I/O compatible Xilinx 7000 EPLDs for the control 
function enable the designer to implement a cost effec¬ 
tive, high performance system with a minimum of compo¬ 
nents. 

The Xilinx Dual Block architecture features logic blocks 
optimized for the critical paths of a Pentium memory sub¬ 
system, and logic blocks dense enough to implement two 
memory controllers, one for each bank of memory, in a 
single 44-pin device. This control logic supports the high 
performance access modes of both the Pentium and syn¬ 
chronous DRAM. 
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Appendix A 

Module Pentium 


title 'Synchronous DRAM Controller for Pentium’; 

Pentium device; 

plusasm property 'partition ffb ras cs banka_pending bankb_pending bankaO'; 
plusasm property 'partition ffb bankal bankbO bankb4 brdy na'; 
plusasm property 'inputpin (fi) ads a31 a30 a29 a28 a27 a5 write'; 

" Inputs 

clock pin; M 66MHz system clock 

ads pin; M Pentium address strobe 

a31 ,a30,a29,a28,a27,a5 pin;" Pentium address signals 

beO.bel,562^63^64,565^66^67 pin; H Pentium byte enables 

write pin; M Pentium write signal 

cache pin; “ Pentium cache signal 

"brdrst pin; Board reset 

refresh pin; H Refresh timer refresh request 

brdyjn pin;" System burst ready input to controller 
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" Outputs 


ras,cas,we,cs 

pin istype 'reg‘;" 

DRAM control signals 

dqmO.dqml ,dqm2,dqm3 

pin istype 'reg';" 

DRAM data mask signals 

dqm4,dqm5,dqm6,dqm7 

pin istype 'reg'; 


mux 

pin istype 'reg';" 

address mux control 

brdy 

pin istype 'reg';" 

Pentium ready signal 

na 

pin istype 'reg';" 

Pentium next address 

" Nodes 
banka_pending 

node istype 'reg'; 

" DRAM bank A access request pending flag 

bankb.pending 

node istype 'reg'; 

" DRAM bank B access request pending flag 

banka_write 

node istype 'reg'; 

" Identify DRAM bank A write cycle 

bankb_write 

node istype 'reg'; 

" Identify DRAM bank B write cycle 

banka_cache 

node istype 'reg'; 

" Identify DRAM bank A burst cycle 

bankb_cache 

node istype 'reg'; 

" Identify DRAM bank B burst cycle 

waita 

node istype 'reg'; 

" Wait for bank A 

waitb 

node istype 'reg'; 

" Wait for bank B 

bankaO,banka 1 ,banka2,banka3 

node istype 'reg' 

" Bank A state bits 

bankbO,bankb 1 ,bankb2 

node istype 'reg' 

" Bank B state bits 

bankb3,bankb4 

node istype 'reg' 


brdya_extend 

node istype 'reg' 

" Extend brdy for one 
" clock during burst 
" read cycles 

brdyb_extend 

node istype 'reg';" Extend brdy for one 



" clock during burst 
" read cycles 

brdya 

node istype 'reg';" bank A brdy 

brdyb 

node istype 'reg';" bank B brdy 

dqma.dqmb 

node istype 'reg';" data mask enables 

sync_refresh 

node istype 'reg';" Syncs refresh input 

rfrq 

node istype 'reg';" Refresh flag 

" Variables 



" State bit fields, bank addresses and DRAM mode register address 

banka_state = [banka3,banka2,banka1 .bankaO]; 

bankb_state = [bankb4,bankb3,bankb2,bankb 1 .bankbO]; 

banka = a31 & a30 & a29 & !a28 & !a27 & !a5; 

bankb = a31 & a30 & a29 & !a28 & !a27 & a5; 

mode = a31 & a30 & a29 & !a28 & a27 & a5; 


"BANK A State Bit Definition 


reseta 

= [1,1,1,1]; 

modeO 

= [1,0,0,1]; "[1,1,1,0]; 

model 

= [1,1,0,0]; 

mode2 

= [1,1,0,1]; 

mode3 

= [1,1,1,0]; "[1,0,0,1]; 

mode4 

= 11.0.1.1]; 

idlea 

= [1,0,1,0]; 

acta 

= [1,0,0,0]; 

rcdOa 

= [0,0,0,0]; 

rcdla 

= [0,0,0,1]; 

cmda 

= [0,0,1,1]; 

rcOa 

= [0,0,1,0]; 

rcla 

= [0,1,1,0]; 

rc2a 

= 10,1,0,0]; 

rc3a 

= [0,1,0,1]; 

rc4a 

= [0.1,1,1]; 
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BANK B State Bit Definition 

idleb 

= [1,1.1,1,1]; 

actb 

= 11,1,1,1,0]; 

rcdOb 

= 11,1.1.0,0]; 

rcdlb 

= [1,1,1,0,1]; 

cmdb 

= [1,1,0,0,1]; 

rcOb 

= [1,1,0,1,1]; 

rclb 

= [1,1,0,0,0]; 

rc2b 

= [1,0,0,0,0]; 

rc3b 

= [1,0,0,0,1]; 

rc4b 

= [1,0,0,1,1]; 

rfshO 

= [0,1,1,1,0]; 

rfshl 

= [0,1,1,0,0]; 

rfsh2 

= [0,1,1,0,1]; 

rfsh3 

= [0,1,0,0,1]; 

rfsh4 

= [0,1,0,1,1]; 

rfsh5 

= [0,1,0,0,0]; 

rfsh6 

= [0,0,0,0,01; 

rfsh7 

= [0,0,0,0,1]; 

rfsh8 

= [0,0,0,1,1]; 

Refresh request clear flag 


clr_rfrq = (bankb_state == rfsh8); " Clear refresh flag when 

" refresh cycle is completed 


©dcset 

state_diagram banka_state; 

" This state machine controls the DRAM mode load and bank A access cycles. 

" The board reset signal puts the state machine in the RESET state. It then 
" waits until the Pentium performs an access to the DRAM's mode control 
" register. When an access to the register is detected, the state machine 
" will precharge both memory banks before asserting the mode load command to 
" the DRAM, then cycle through to the IDLE state for normal operation. Once 
" the mode load sequence has been run, access requests and refresh requests 
" will be honored. 

" Accesses start if Pentium requests an access or there is a request pending. 

" The access will be deferred if there is a refresh request pending or if 
" the reqested access is a write cycle and the other bank is performing one of 
" three cycles. If the other bank is performing a burst read, then the access 
" will not start until the other bank has entered the IDLE state. If the other 
" bank is performing a single read, then the access will not start until the 
" other bank has entered state RC2. If the other bank is performing a single 
" write, then the access will not start until the other bank has entered state 
" RCO. Once the access starts, the state machine will run through 
■ the access sequence without stopping, then return to the IDLE state. 

state reseta: 

if lads & mode then modeO; 
else reseta; 

state modeO: goto model; 
state model: goto mode2; 
state mode2: goto mode3; 
state mode3: goto mode4; 
state mode4: goto idlea; 

state idlea: 

if (lads & banka # !banka_pending) & Irfrq & !(!waitb & write) 
then acta; 
else idlea; 
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state acta: goto rcdOa; 
state rcdOa: goto red la; 
state red la: goto cmda; 
state cmda: gotorcOa; 
state rcOa: goto rcla; 
state rcla: goto rc2a; 
state rc2a: goto rc3a; 
state rc3a: goto rc4a; 
state rc4a: gotoidlea; 

state_diagram bankb_state; 

"This state machine controls the DRAM refresh and bank B access cycles. 

" The board reset signal puts the state machine in the RESET state. 

" It then waits until the bank A state machine has completed it's mode load 
" sequence and entered the IDLEA state. Once the bank A state machine has 
" entered IDLEA, this state machine can honor any pending refresh requests. 
" Accesses start if Pentium requests an access or there is a request pending. 
" The access will be deferred if there is a refresh request pending or if 
" the reqested access is a write cycle and the other bank is performing one of 
" three cycles. If the other bank is performing a burst read, then the access 
" will not start until the other bank has entered the IDLE state. If the other 
" bank is performing a single read, then the access will not start until the 
" other bank has entered state RC2. If the other bank is performing a single 
" write, then the access will not start until the other bank has entered state 
" RCO. Once the access starts, the state machine will run through 
" the access sequence without stopping, then return to the IDLE state. 

state idleb: 

if rfrq & (banka_state == idlea) then rfshO; 
else if (lads & bankb # !bankb_pending) & !rfrq & !(!waita & write) 
then actb; 
else idleb; 

state actb: goto rcdOb; 
state rcdOb: goto rcdlb; 
state rcdlb: goto cmdb; 
state cmdb: gotorcOb; 
state rcOb: goto rcl b; 
state rclb: goto rc2b; 
state rc2b: goto rc3b; 
state rc3b: goto rc4b; 
state rc4b: goto idleb; 

state rfshO: goto rfshl; 
state rfshl: goto rfsh2; 
state rfsh2: goto rfsh3; 
state rfsh3: goto rfsh4; 
state rfsh4: goto rfsh5; 
state rfsh5: goto rfsh6; 
state rfsh6: goto rfsh7; 
state rfsh7: goto rfsh8; 
state rfsh8: goto idleb; 

equations 

" Define Flags and Status Bits 

" The refresh request flag is set by external refresh requests. The external 
" signal is synchronized with an input pad register by the optimization 
" software. The flag is cleared when the refresh cycle is completed. 

sync_refresh := refresh; 
sync_refresh.ck = clock; 

rfrq := sync_refresh 
# rfrq & !clr_rfrq; 
rfrq.ck = clock; 

" The bank pending bits capture Pentium access request signals. If the 
" bank state machine is in the IDLE state, the access will start without 
" waiting another clock for the pending bit to go true. But if the state 
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N machine is in another state, the pending bit will start another access 
" cycle once the state machine returns to the IDLE state. 

" The pending bits will be cleared when the access begins. 

!banka_pending := lads & banka 

# !banka_pending & !(banka_state == acta); 
banka_pending.ck = clock; 

!bankb_pending := lads & bankb 

# !bankb_pending & !(bankb_state == actb); 
bankb _pending.ck = clock; 

" There are two status bits required for each bank to identify the type of 
" access cycle being run. The access bits are driven by the WRITE and CACHE 
" inputs and are used to identify read/write and burst read/write accesses. 

" for the cycle in progress. 

" The write status bits remain valid through state RC4. They are driven high 
" when the IDLE state is entered and remain high until they are updated 
" by the bank state machine. When the write status bits are high, the other 
M bank is free to start its access. 

" The cache status bits remain updated until the next access is started 
" because they are used to extend brdy during burst read cycles. 

" Since the status bits are not updated until the bank state machines are 
" in the ACT state, input setup time to clock is not an issue even if these 
M bits are not mapped into FFBs. 


banka_write := (banka_state == rc4a) 

# (banka_state == idlea) 

# write & (banka_state == acta) 

# banka_write & ((banka_state == rcdOa) 

#(banka_state == red la) 
#(banka_state == cmda) 
#(banka_state == rcOa) 
#(banka_state == rcla) 
#(banka_state == rc2a) 
#(banka_state == rc3a)); 

banka_write.ck = clock; 


" Cycle done 
H Keep it high 
M Update flag 
" and keep it valid 
" until access is 
" completed 


banka_cache := cache & (banka_state == acta) 

# banka_cache & ((banka_state == rcdOa) 

#(banka_state == red la) 
#(banka_state == cmda) 
#(banka_state == rcOa) 
#(banka_state == rcla) 
#(banka_state == rc2a) 
#(banka_state == rc3a) 
#(banka_state == rc4a) 
#(banka_state == idlea)); 

banka_cache.ck = clock; 

bankb_write := (bankb_state == rc4b) 

# (bankb_state == idleb) 

# write & (bankb_state == actb) 

# bankb_write & ((bankb_state == rcdOb) 

#(bankb_state == red 1b) 
#(bankb_state == cmdb) 
#(bankb_state == rcOb) 
#(bankb_state == rclb) 
#(bankb_state == rc2b) 
#(bankb_state == rc3b)); 
bankb_write.ck = clock; 


“ Update flag 
■ and keep it valid 
H until next access 
M starts 


" Cycle done 
" Keep it high 
M Update flag 
" and keep it valid 
M until access is 
" completed 
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bankb_cache := cache & (bankb_state == actb) " Update flag 

# bankb_cache & ((bankb_state == rcdOb) " and keep it valid 

#(bankb_state == rcdl b) “ until next access 

#(bankb_state == cmdb) “ starts 

#(bankb_state == rcOb) 

#(bankb_state = rclb) 

#(bankb_state == rc2b) 

#(bankb_state == rc3b) 

#(bankb_state == rc4b) 

#(bankb_state == idleb)); 
bankb_cache.ck = clock; 

" Define Bank State Machine Wait Signals 

" WAITA and WAITB are used by each state machine to control when the other 
" state machine is permitted to start its access cycle. If a write access is 
" requested, the access will not start until the other bank has reached a 
" certain point when performing any one of 3 types of cycles. 

" If the other bank is performing a burst read, then the access 
" will not start until the other bank has entered the IDLE state. If the other 
" bank is performing a single read, then the access will not start until the 
■ other bank has entered state RC2. If the other bank is performing a single 
" write, then the access will not start until the other bank has entered state 
" RCO. 


waita := !banka_write & !banka_cache & ((banka_state == cmda) " wait for 

#(banka_state == rcOaJ " burst read 

#(banka_state == rclaj 
#(banka_state == rc2aj 
#(banka_state == rc3a)) 

# !banka_write & banka_cache & ((banka_state == cmda) “ wait for 

#(banka_state == rcOa)) " single read 

# banka_write & banka_cache & (banka_state == rcdl a); " wait for 

" single write 

waita.ck = clock; 


waitb := !bankb_write & !bankb_cache & ((bankb_state == cmdb) “ wait for 

#(bankb_state == rcOb) " burst read 

#(bankb_state == rclbj 
#(bankb_state == rc2b) 

#(bankb_state == rc3b)) 

# !bankb_write & bankb_cache & ((bankb_state == cmdb) “ wait for 

#(bankb_state == rcOb)) “ single read 

# bankb_write & bankb_cache & (bankb_state == rcdl b); " wait for 

" single write 

waitb.ck = clock; 


" Define DRAM Control Signals 

* RAS is pulsed low for bank active, refresh and mode load commands 


Iras := (banka_state == idlea) & (lads & banka # !banka_pending) " A access 
& Irfrq & !(!waitb & write) 

# (bankb_state == idleb) & (lads & bankb # !bankb_pending) " B access 

& Irfrq & !(!waita & write) 

# rfrq & (banka_state == idlea) & (bankb_state == idleb) " Refresh 

# (banka_state == modeO) " Precharge 

# (banka_state == mode3); " and Mode 

" Load 


ras.ck = clock; 

M CS is pulsed low for all DRAM commands 
Ics := (banka_state == idlea) & (lads & banka # !banka_pending) 
& Irfrq & !(!waitb & write) 

# (bankb_state == idleb) & (lads & bankb # !bankb_pending) 
& Irfrq & !(!waita & write) 

# (banka_state == modeO) 

# (banka_state == mode3) 

# rfrq & (banka_state == idlea) & (bankb_state == idleb) 

# (banka_state == red la) 

# (bankb_state == rcdlb); 


■ A access 

"B access 

* Precharge & 
" Mode Load 
" Refresh 
" Command A 

■ Command B 
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cs.ck = clock; 

" CAS is pulsed low for read/write, refresh and mode load commands 
leas := (banka_state == red la) 

# (bankb_state == rcdlb) 

# rfrq & (banka_state == idlea) & (bankb_state == idleb) 

# (banka_state == mode3); 
cas.ck = clock; 


" WE is pulsed low for write and mode load commands 
!we := (banka_state == red la) & write 

# (bankb_state == rcdlb) & write 

# (banka_state == modeO) 

# (banka_state == mode3); 
we.ck = clock; 

" The DRAM data mask DQM signals are driven low to enable reads and 

■ writes to each bank. Each bank state machine has individual control of 
" the data mask enable signal (dqma and dqmb). These enables go low 
" one clock before DQM is required off chip. During read cycles, the 

" enables are driven by decoded state bits. During write cycles, they 

■ always lag each bank's brdy (brdya or brdyb) signal by one clock. 

Idqma := (banka_state == rcdla) & !banka_write 

# ((banka_state == cmda) # (banka_state == rcOa) 

# (banka_state == rcla)) & !banka_write & !banka_cache 

# Ibrdya & banka_write; 

dqma. ck = clock; 

Idqmb := (bankb_state == rcdlb) & !bankb_write 

# ((bankb_state == cmdb) # (bankb_state == rcOb) 

# (bankb_state == rclb)) & !bankb_write & !bankb_cache 

# Ibrdya & bankb_write; 

dqmb. ck = clock; 

" All data masks, dqm[0:7], go low during read cycles when enabled by 
" the banka and bankb state machines. During write cycles however, only the 
" selected data mask signals, as selected by the latched Pentium byte 
" enables, go low. 

I[dqm0..dqm7] := Idqma & I[be0..be7] & banka_write 

# Idqma & !banka_write 

# Idqmb & I[be0..be7] & bankb_write 

# Idqmb & !bankb_write; 

[dqm0..dqm7].ck = clock; 

"Define Pentium Burst Ready and Next Address signals 

" Each bank state machine controls its own brdy signal. This signal 
" goes low one clock cycle before it is required off chip. During 
" read cycles it is driven by decoded state bits and latched cache 
" and write bits. It is extended one clock during burst reads because 
" the state machine has returned to the idle state before the Pentium has 

■ finished its burst read access. 

" During write cycles, the write cycle status bits (banka_write and 
" bankb_write) are not updated unti RCDO, Therefore, the write signal 
" is sampled when the state machine is in state ACT, not the status bit. 

" Since the write signal is sampled in ACTA, the setup time is not 
" critical for the status bits and brdy signals. 

" During mode load, the bank A state machine will drive brdya low 
" to terminate the Pentium bus cycle. 

Ibrdya := (banka_state == rcla) & !banka_write 

# ((banka_state = rc2a) # (banka_state == rc3a) 

# brdya_extend) & !banka_cache & !banka_write 

# (banka_state == acta) & write 

# ((banka_state == rcdOa) # (banka_state == rcdla) 

# (banka_state = cmda)) & !banka_cache & banka_write 

# (banka_state == mode3); 
brdya.ck = clock; 


" Command A 
" Command B 
" Refresh 
" Mode Load 


"Write A 
" Write B 
" Precharge & 
" Mode Load 


"Read 

" Burst Read 
" Write 


" Read 

" Burst Read 
"Write 


" Read 
" Burst Read 

"Write 
" Burst Write 

" Mode load 
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brdya_extend := (banka_state == rc4a); 
brdya_extend.ck = clock; 

Ibrdyb := (bankb_state = rclb) & !bankb_write 

# ((bankb_state == rc2b) # (bankb_state == rc3b) 

# brdyb_extend) & !bankb_cache & !bankb_write 

# (bankb_state == actb) & write 

# ((bankb_state == rcdOb) # (bankb_state == red 1b) 

# (bankb_state == cmdb)) & !bankb_cache & bankb_write 

# brdyjn; 
brdyb.ck = clock; 

brdyb_extend := (bankb_state == rc4b); 
brdyb_extend.ck = clock; 

Ibrdy := Ibrdya # Ibrdyb; 
brdy.ck = clock; 

“Assert Next Address when either bank is exiting state RCDO 

!na := (banka_state == rcdOa) 

# (bankb_state == rcdOb); 
na.ck = clock; 

" Select column address when MUX is low 

Imux := (banka_state == acta) 

# (banka_state == rcdOa) 

# (bankb_state == actb) 

# (bankb_state == rcdOb) 

# (banka_state == model) 

# (banka_state == mode2); 
mux.ck = clock; 

banka_state.ck = clock; 
bankb_state.ck = clock; 

end; 

Module Selector 


title 'Row/Column Address Multiplexor for Synchronous DRAM 
Jeffrey Goldberg 
Xilinx'; 

selector device; 

" Inputs 

clock pin; “ 66MHz system clock 

mux pin;" Row/Column Select 

r0,r1,r2,r3,r4,r5,r6,r7 f r8,r9,r10,r11 pin; “ Row address inputs 

cO.cl ,02,03,04,05,06,07,08 pin;" Column address inputs 

" MUX, R11 and R[8:0] must be sampled during the first clock 
" period of a CPU access, therefore they are declared as fast inputs. 

" R9 and RIO drive combinatorial outputs, and can take the UIM path. 

" C[8:0] are sampled later in the access, so they are not critical. 

plusasm property 'inputpin (fi) r0,r1,r2,r3,r4,r5,r6,r7,r8,r11,mux'; 

“ Outputs 

maO.mal ,ma2,ma3,ma4,ma5,ma6,ma7,ma8,ma11 pin istype 'reg'; “DRAM address lines 
ma9,ma10 pin istype 'com'; 

" The synchronous DRAM used in this design are organized internally as two 
" 1MEGx8 banks. The row address is determined by ma[0:10] and the column 
" address by ma[0:8]. MA9 and MA10 are don't cares when the column address is 
" being driven during memory accesses but must be driven low when the DRAM 
" mode register is being loaded. MA11 is the DRAM bank select input. 


“ bank A access 

" bank B access 

“ Precharge & 

“ Mode Load 


“Read 
" Burst Read 

" Write 
" Burst Write 

" System brdy 
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The CPU address bus should be connected to the multiplexor as shown below. 
CPU ADDRESS LINE MULTIPLEXOR INPUT 


a3 

cO 

a4 

cl 

a5 

rl 1 

a6 

c2 

a7 

c3 

a8 

c4 

a9 

c5 

alO 

c6 

all 

c7 

a12 

c8 

a13 

rO 

a14 

rl 

a15 

r2 

a16 

r3 

a17 

r4 

a18 

r5 

a19 

r6 

a20 

r7 

a21 

r8 

a22 

r9 

a23 

rIO 


Row address is selected when mux is high, column address when mux is low. 


equations 

[ma8..ma0] := [r8..r0] & mux " These bits are registered because the 

# [c8..c0] & Imux; " column address must held valid one additional 

" clock cycle during a Pentium single write 
" access 

ma9 = r9; " MA9 is a don't care during column access 

" so a multiplexor is not needed 

malO = rIO & mux; M MA10 is only used as a row address input 

" during memory access cycles. MA10 must be 
" high when the precharge command is issued 
" by the DRAM controller prior to performing 
M a mode load, but must be low when the mode 
M load command is issued. Therefore, when the 
" preload command is issued, MA10 will follow 
" rIO, but when the mode load command is issued 
H malO will be driven low because the DRAM 
M controller drives mux low. 


mal 1 := rl 1; " The bank select bit must be the same for the 

" row access and column access commands, so a 
" multiplexor is not needed. This bit is 
" registered for the same reasons as ma[8:0]. 

[ma8..ma0].ck = clock; 
mall.ck = clock; 
end; 
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Abstract 

Peripheral Component Interconnect (PCI) is becoming a 
fundamental building block of today’s high-performance 
PC and workstation peripherals, and developing products 
that meet the stringent PCI Local Bus Specification (PCI 
LBS) is the next challenge for system designers. 

Xilinx provides a wide range of programmable logic 
devices that help designers develop PCI-compliant high- 
performance solutions. The XC7300 Erasable Program¬ 
mable Logic Devices (EPLDs) offer designers a wide 
range of programmable logic options that are fully com¬ 
pliant with the PCI LBS. 

This application note describes the building blocks of a 
flexible PCI target interface implemented with XC7300 
EPLDs and serves as a guide for designing PCI bus 
interfaces. To get assistance in evaluating Xilinx EPLDs 
and FPGAs for your PCI designs, e-mail your design 
requirements to pci@xilinx.com or call the Xilinx Appli¬ 
cations hotline at 1-800-255-7778. 

PCI Local Bus Overview 

PCI specifies a 32-bit or 64-bit bus with multiplexed 
address and data lines. It is used as an interconnect 
between highly integrated peripheral controller compo¬ 


nents, peripheral add-in boards, and processor/memory 
systems. Figure 1 shows a typical PCI-based system. 
The basic system architecture consists of a processor 
and memory subsystem connected by the processor's 
local bus. The host bridge connects the local bus and the 
PCI bus, allowing them to communicate. 

High performance peripherals (such as SCSI, LAN, 
graphics) directly connect to the PCI bus, giving them a 
high-bandwidth, low latency path to memory. Also shown 
is a standard bus bridge, that allows low-cost system 
expansion using a standard bus. 

Each agent connected to the PCI bus functions as either 
a PCI target (slave) or combined PCI initiator/target 
(master/slave). The initiator function enables an agent to 
take control of the bus and drive the address, data, and 
control signals. Target functions cannot initiate bus trans¬ 
fers and rely on initiators to transfer data to them. 

PCI Interface Signals 

The PCI interface requires a minimum of 47 pins for a 
target-only device and 49 pins for an initiator to handle 
data, address, interface control, arbitration, and system 
functions. Figure 2 on the next page shows the pins in a 
initiator/target device, with required pins listed on the left 
side and optional pins listed on the right side. 
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Figure 1.Typical System Architecture 
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Required Pins Optional Pins 


Address 
& Data 


Interface 

Control 


Error 

Reporting 

Arbitration 
(Masters only) 

System 


AD[31:0] 

PCI 

Compliant 

Device 

AD[63::32] 

' C/BE[3:0]# 

' C/BE[7::4]# * 

PAR 

PAR64 64-bit 

FRAME# ( 

' REQ64# ' Extension 

' ACK64# 

TRDY# 

LOCK# Interface 

IRDY# 

STOP# 

~~ * Control 

INTA# 

DEVSEL# | 

IDSEL 

INTB# 

PERR# _ 

INTC# " Interrupts 

INTD# 

SERR# 

, SBO# r 

REQ# 

SDONE 

GNT# 

TDI 

CLK t 

" TDO 

RST# _ 

TCK " JTAG 


TMS (IEEE 1149.1) 

* TRST# 


X5500 


Figure 2. Device Pins 


Table 1 lists a summary of the PCI signal pins. A “#” fol¬ 
lowing the signal name indicates the signal is active-low. 
In this document, PCI signal names appear as bold. The 
signal types are defined as follows: 

•in — A standard input-only signal. 

• out — A standard active drive totem pole output, 
•t/s — A bi-directional, 3-state I/O pin. 

• s/t/s — A sustained, active-low, 3-state signal; must 

be high 1 cycle before going low. 

• o/d — An open drain signal; allows multiple devices 

to share signals as a wired-OR. 


3.3 V and 5 V Signaling Environment Support 
The PCI specification defines both 3.3 volt and 5 volt sig¬ 
naling environments and recommends building universal 
boards with I/O buffers powered by connector-dependent 
voltage rails as shown in Figure 3. 


< 5 ^ 

PCI cards and connectors are keyed to manage both 5 V 
and 3.3 V environments. In one orientation, the connector 
is keyed to accept boards using the 5 V system signaling 
environment. When turned 180°, the key is positioned to 
accept boards using 3.3 V signaling. Universal boards 
accept either 3.3 V or 5 V signaling. 

The Xilinx XC7300 EPLDs have dual voltage I/O buffers 
designed to meet these specifications and are ideal for 
dual voltage operation of the universal board. 


Table 1. PCI Signal Summary 


Signal 

Type 

Description 

AD[31:0] 

t/s 

Address and Data Bus. 

C/BE[3:0]# 

t/s 

Bus Command and Byte Enable. 

CLK 

in 

PCI System Clock. 

DEVSEL# 

s/t/s 

Device Select. Signals that the target 
has decoded its address. 

FRAME# 

s/t/s 

Cycle Frame. Identifies start and 
length of bus transaction. 

GNT# 

t/s 

Grant. Signals that the master has 
been granted bus access. 

IDSEL 

in 

Initialization Device Select. Identifies 
the device selected for configuration. 


s/t/s 

Initiator Ready. Signals when the 
master is ready to complete a data 
transfer. 

PAR 

t/s 

Parity for AD[31:0] and C/BE[3:0]. 


s/t/s 

Parity Error. 



Request. Signals a master’s request 
to use the bus. 



PCI System Reset. 








_X 


_ 


_ 

5 volt board 

~\ nr 


Universal board 
(5v or 3.3v) 

'-in n 1- 


3.3 volt board 

—in r 


JIT 


5 volt Connector 


UL 


Du 


3.3 volt Connector 


Figure 3. PCI Card Connector Arrangement 
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PCI Bus Commands 

All PCI devices must respond to configuration read/write 
commands. PCI targets that contain relocatable func- 
tions/registers can provide host agents (initiators) the 
option of mapping those functions into memory space, 
allowing a device to work where I/O space is not avail¬ 
able. 

The PCI bus commands, encoded on the CBE[3:0]# 
pins, are summarized in Table 2. 


Table 2. PCI Command Summary 


C/BE[3:0]# 

Command 

0000 

Interrupt Acknowledge 

0001 

Special Cycle 

0010 

I/O Read 

0011 

I/O Write 

0100 

Reserved 

0101 

Reserved 

0110 

Memory Read 

0111 

Memory Write 

1000 

Reserved 

1001 

Reserved 

1010 

Configuration Read 

1011 

Configuration Write 

1100 

Memory Read Multiple 

1101 

Dual Address Cycle 

1110 

Memory Read Line 

1111 

Memory Write and Invalidate 


PCI Address Space 

PCI defines three address spaces: memory, I/O, and con¬ 
figuration. Memory and I/O spaces are the same as 
those for Intel microprocessors; configuration space is 
unique to PCI. 


PCI configuration space is divided into a predefined 
header region (64 bytes) and a device dependent region 
(192) bytes. A PCI-compliant device is not required to 
implement all (256 byte) registers. However, all unimple¬ 
mented registers must return a value of zero when read. 
The format for the predefined header portion is shown in 
Table 3; the grey regions indicate the minimum required 
registers. 



The PCI definition also provides for a fully software driven 
initialization and configuration via a separate configura¬ 
tion address space. One method of implementing this is 
to pass configuration requests to dedicated memory in 
the host interface. The designs in Appendices A and B 
contain configuration cycle decode logic and control sig¬ 
nals to support these “pass through” configuration 
requests to host memory. 


The Base Address Register is used by the operating sys¬ 
tem to determine the Memory or I/O space requirements 
of a device. In this design, the interface assumes a 16 
MB address space (24-bits). The upper 8 bits of the Base 
Address Register have been implemented with read-write 
capability and the lower 24 bits always return a read 
value of zero. To expand or contract the address space 
allocated, the user simply adjusts the size of the Base 
Address Register and its associated address comparator. 


Table 3. Configuration Space Header 


31 

16 

15 

0 

Device ID 

Vendor ID 

Status 

Command 

Class Code 

..... : _ __ 

Revision ID 

BIST 

Header 

Latency 

Cache Line 

Type 

Timer 

Size 

Base Address Registers 

Reserved 

Reserved 

Expansion ROM Base Address 

Reserved 

Reserved 

Max_Lat 

Min_Gnt 

Interrupt Pin 

Interrupt 

Line 


OOh 

04h 

08h 

OCh 

lOh - 
24h 

28h 

2Ch 

30h 

34h 

38h 

3Ch 
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Figure 4. PCI Read Transaction 


Data Transfer Timing 

The basic PCI bus transfer is a multiple phase protocol 
which is composed of an address phase and one or more 
data phases. PCI supports data transfers in both memory 
and I/O address space. Data transfers are controlled by 
three signals: FRAME#, IRDY#, and TRDY#. The first 
clock edge after FRAME# is asserted is the address 
phase; the address value and bus command code are 
transferred on that clock edge. FRAME# remains 
asserted during each following data phase and de- 
asserts to indicate the final data phase. 

Data is transferred between master and target on each 
clock edge for which both IRDY# (Initiator Ready) and 
TRDY# (Target Ready) are asserted. Wait cycles may be 
inserted in a data phase by either the master (using 
IRDY#) or by the target (using TRDY#). The data source 
is required to assert its jrRDY# signal unconditionally 


when data is valid. The receiving agent may assert its 
aRDY# as it chooses. Once an initiator has asserted 
IRDY#, it cannot change IRDY# or FRAME# until the cur¬ 
rent data phase completes, regardless of TRDY#. Once 
a target has asserted TRDY# or STOP# it cannot change 
DEVSEL#, TRDY#, or STOP# until the current data 
phase completes. 

The maximum transfer rate of the 32-bit PCI bus is one 
32-bit word every 30 ns, or 132 Mbytes/second. Figure 4 
shows the read transaction and Figure 5 shows the write 
transaction. 

When the initiator intends to complete one or more data 
transfers, FRAME# is de-asserted and IRDY# is 
asserted indicating the last data phase. After the target 
indicates the final data transfer (TRDY# asserted), the 
interface returns to the idle state with both FRAME# and 
IRDY# de-asserted. 


123456789 



-Bus Transaction 

Figure 5. PCI Write Transaction 
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Target Design Overview 

This section discusses various design concepts relating 
to the architecture of a generic PCI to I/O device target 
interface for add-in boards. 

A PCI add-in board has a PCI bus interface, configuration 
registers, and optional expansion ROM. It also has imple¬ 
mentation specific features such as buffers, FIFOs, 
device registers, I/O control logic, and the specific back¬ 
end functions such as SCSI, IDE, LAN, or graphics. 

The PCI interface device (typically connected directly to 
the PCI bus connector) manages incoming and outgoing 
data transfer cycles from the PCI bus. During configura¬ 
tion cycles, software device drivers use the information in 
the configuration registers to identify I/O system require¬ 
ments and then automatically configure the device for 
“Plug and Play“ operation. 

Target Interface Operation 

As shown in Figure 6, the PCI I/O interface consists of a 
PCI Bus Interface, Error Handler, FIFOs, and Memory 
Controller. This design shows the elements of a generic 
solution to illustrate the connection of an I/O device to the 
PCI bus. 

A detailed block diagram of the PCI Bus Interface is 
shown in Figure 7 on the next page. When this Bus Inter¬ 
face detects a bus transaction, it passes address/data 


(D[31:0]) to the memory controller (XC3190) and asserts 
HIT, S[0], and MEM_WR to inform the back-end interface 
of the bus transaction. 

When the I/O device has finished the transaction, it 
asserts DEV_REQ#. Upon completion of the PCI bus 
transfer (IRDY# and TRDY# asserted simultaneously, 
and FRAME# de-asserted), it de-asserts DEV_ACK#. 
The I/O device asserts DEV_REQ# until it sees 
DEV_ACK# de-asserted. The I/O device can also signal 
an error to the PCI bus interface by asserting T_ABORT# 
or RETRY#. The PCI interface handles these by assert¬ 
ing and de-asserting the appropriate PCI bus signals. 

The memory controller state machine in the I/O device is 
programmed using PCI bus I/O commands. Once the 
memory controller is properly initiated, the decoded activ¬ 
ity is started as a memory operation until a new I/O com¬ 
mand is received. The DMA controller handles all FIFO 
and DMA read/write cycles. Start address and count 
lengths are in I/O data bits D[23:0]. I/O commands are 
decoded from data bits D[27:24]. 

Device specific functions such as buffers, burst address 
generators and FIFOs vary from one application to the 
next. For specific information on memory controller 
designs and FIFO devices, refer to the specific manufac¬ 
turer’s data sheets. 


PCI 

Bus 



Figure 6. PCI Target Controller Design 
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Bus Interface Implementation 

Many designs use either a target or master bus interface. 
The target state machine implemented in this design sup¬ 
ports the options discussed in the PCI specification with 
the exception of the target lock operation. 

As shown in Figure 7, the Bus Interface consists of four 
parts: 1) target sequencer which performs the actual bus 
operation, 2) address decode which identifies valid 
address cycles, 3) configuration control which handles 
base address maintenance, and 4) data mux which 
transfers data between the bus and the I/O controller. 

The Target Sequencer 

The Target Sequencer Block (TARGET) controls the bus 
operation and guarantees that the PCI protocol is not vio¬ 
lated. The state machine for the target sequencer is 
shown in Figure 8. This figure is similar to the one found 
in the PCI Local Bus Specification, but has been modified 
to support the memory interface described above. 

The following paragraphs discuss each state and 
describe how transitions occur during data transfers. 

IDLE is the default state. The bus interface latches sig¬ 
nals from the PCI bus to determine the start of a data 
transfer or configuration access. 

When a bus access begins, the address is compared to 
the base address. If the address matches, HIT is 
asserted, and the sequencer transitions to the S_DATA 
state to start a data transfer. Otherwise, it goes to the 
B_BUSY state. 


B_BUSY is the state where the agent waits for the cur¬ 
rent transaction to complete and the bus to return to idle. 

S_DATA is the state where the target transfers data. 
When the transfer is complete, the sequencer transitions 
to the TURN_AR state (non-burst transfers) or BACKOFF 
state (burst transfer attempt). 

TURN_AR is the state used to release the PCI bus when 
the data transfer is complete. It automatically transitions 
back to the idle state. 

dB^KOFF is the state where the sequencer goes after it 
asserts STOP# and waits for the master to de-assert 
FRAME#. It then transitions back to the TURN_AR state. 



Figure 8. Target Bus Sequencer State Machine 
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Figure 7. PCI Bus Interface Detailed Block Diagram 
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There are many instances in which targets may wish to 
terminate the PCI transaction. Target disconnects are 
identified by the assertion of the signals STOP#, TRDY#, 
and DEVSEL# as shown in Figure 9. The initiator 
responds to the disconnect condition by de-asserting 
FRAME# on the following clock period and does not 
complete the data transfer until it asserts IRDY#. When 
the PCI interface is accessed and data is unavailable for 
read transfers or the FIFO is full for write transfers, the 
PCI interface terminates the cycle and requests a retry. 
This condition is identified by the assertion of both 
STOP# and DEVSEL# while TRDY# is de-asserted. 
Figure 10 shows the behavior of the target Interface 
when performing a target-initiated retry. 

The Address Decoder 

The Address Block (ADDRESS) compares the upper 8- 
bits of the PCI address bus AD[31:24] to the value 
stored in the Base Address Register (BA[31:24)). The 
comparison output (MATCH) is gated with memory 
enable (MEM_EN) to control when the device can 
detect a valid PCI address cycle (HIT). 

The Configuration Registers 

I/O devices are required to implement a 256-byte config¬ 
uration space. Most registers in this configuration space 
can be built using “reserved” registers where writes to the 
registers have no effect, and reads must return “0”. 
Guidelines for using several of the registers in I/O control¬ 
lers are discussed as follows. 

The Base Address Registers are used for relocating PCI 
devices in memory and I/O space. Devices can choose to 


map into memory or I/O spaces. However, memory 
mapped I/O is recommended because performance is 
generally higher. The initialization software can deter¬ 
mine how much address space the device requires by 
writing ones to the register and then reading the value 
back. The device returns zeros in all don't-care address 
bits, effectively specifying the address space required. 

The Configuration Block (CONFIG) implements a mem¬ 
ory mapped 8-bit Base Address Register located at con¬ 
figuration space header location lOh (CSH_01h). The 
Base Address Register (BASE_AD_REG) is imple¬ 
mented as a write-only register loaded when PCI address 
AD[7:2] is 40h. The two least significant address lines. 
(AD[1:0]) are “00” during the address phase of configura¬ 
tion cycles. 

The memory space is easily modified to support more or 
less memory. Designers should thoroughly evaluate the 
trade-off between memory space and the size of the 
Base Address Register. A larger Base Address Register 
requires a larger comparator which may be difficult to 
implement in the device. 

The configuration block also contains the command reg¬ 
ister’s memory space enable bit (MEM_EN) to provide 
control over the device’s response to memory space 
address. When a value of “0” is written to this register, the 
device is locally disconnected from the PCI bus for all 
addresses except configuration. A value of “1” allows the 
device to respond to memory space addresses. The 
MEM_EN signal is used to assert HIT when a valid 
address is decoded. 
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The Data Multiplexer 

The Data Multiplexer Block (DATA_MUX) controls the 
movement of data from the PCI bus to the I/O device. 
During write cycles, PCI data enters the interface and is 
registered in the I/O pad flip-flops (FD32.FD4) to meet 
the setup and hold requirements of the PCI bus (t su = 7 
nsec, t H = 0 nsec). PCI bus signals pass from the I/O 
flip-flops to macrocell flip-flops which drive the I/O bus. 

During read cycles, data enters the interface through 
T_AD(31:0) and is registered in macrocell flip-flops 
which drive the PCI bus. The TARGET block controls 
the direction of the data path by asserting AD_OE on 
read cycles and T_AD_OE on write cycles. Figure 11 
illustrates how the DATA_MUX block is implemented in 
the XC73108 device architecture. 


AD_OE 



Figure 11. DATA.MUX Architecture 


The PCI bus turnaround cycle occurs in different cycles 
for different signal types (address/data, control, error) 
resulting in a need for multiple, independent 3-state 
buffer controls. The XC7300 architecture allows design¬ 
ers two options to meet the clock-to-output enable valid 
specification ( IV al = 11 nsec). Figure 12 illustrates one 
option using one of the two global Fast Output Enable 
(FOE) pins in an EPLD Fast Function Block. 


Macrocell 

Flip-Flop 



Both FOE pins are programmable bi-directional pins 
which can be driven internally by a macrocell fljp-flop or 
externally by another flip-flop. Using one of the Fast 
Function Block (FFB) macrocells to drive the FOE pin 
externally will also meet PCI 3-state enable/disable 
specifications. FOE is a global 3-state control and 
should be used to control bussed PCI and back-end sig¬ 
nals (address/data and command/byte enable). 

For the remaining control signals, PCI clock-to-output 
valid timing requirements can be met using the High 
Density Function Block (FB) Fast Input (FI) paths to 
drive the output enable product term (OE P-TERM). 
This option is illustrated in Figure 13. 


Macrocell 

Flip-Flop 



Figure 13. Fast Input Timing Path 


Each FB provides three Fast Input (FI) paths driven 
internally by a dedicated macrocell flip-flop. Like the 
FOE pin, FI pins are programmable bi-directional pins 
which can be driven internally by the macrocell flip-flop 
or externally by another flip-flop. Using one of the Fast 
Function Block (FFB) macrocells to drive the FI pins 
externally will also meet PCI 3-state enable/disable 
specifications. 

Figure 12 and Figure 13 incorporate macrocell-to-pad 
plus pad-to-pad delays to enable the 3-state buffers. 
Using internal data sheet parameters to calculate t V Ai_ 
results in values which exceed 11 nsec. Device charac¬ 
terization data however, guarantees that High Density 
FB macrocells configured as shown in Figures 10 and 
11 will meet the 11 nsec specification. 

These guaranteed values apply to the -10 and -7 speed 
grades operating over commercial voltage and tempera¬ 
ture ranges. The conservative values, presently 
published in Xilinx data sheets, unify timing parameters 
across the XC7300 family and consequently do not 
reflect the true PCI compliance of the XC7300 family. 


Figure 12. Fast Output Enable Timing Path 
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Error Handler Implementation 

PCI error coverage can range from simple devices, hav¬ 
ing no interest in errors, to agents that detect, signal, and 
recover from errors. To allow this flexibility, the generation 
of parity is required on all transactions by all agents. 

Parity on the PCI bus provides a mechanism to deter¬ 
mine, transaction by transaction, if the master is success¬ 
ful in addressing the desired target and if data being 
transferred between them is valid. During address and 
data phases, parity covers AD[31:0] and C/BE[3:0] lines. 
PCI uses even parity; the number of ones on AD[31:0], 
C/BE[3:0], and PAR equals an even number. 

On each bus phase, PAR is driven by the agent that 
drives AD[31:0] and lags the corresponding address or 
data by one clock. 

PCI defines two signals, PERR# and SERR#, for detect¬ 
ing and reporting system errors. PERR# is used exclu¬ 
sively for reporting data parity errors on all transactions 
except Special Cycle commands. SERR# is used for sig¬ 
naling any other non-parity or system errors. The timing 
diagram in Figure 14 shows the timing relationships 
between the signals AD[31:0], C/BE[3:0]#, PAR, 
PERR#, and SERR#. 

Xilinx XC7300 devices provide an efficient macrocell 
structure to easily generate parity. Each High-Density 
Function Block (FB) macrocell is capable of generating 
parity across 6-bits. The entire 36-bit parity calculation 
can be performed within one clock cycle (30 nsec) using 
a variety of design techniques. In a pipe-lined design, the 
first stage of the pipe-line generates parity calculations 
on sub-segments of the 36-inputs (six 6-bit segments). 
The parity outputs from the first stage are fed into the 
second pipe-line stage which completes the parity calcu¬ 
lation. Figure 15 illustrates how this works. 


To maximize the logic capacity of the PCI Interface 
(XC73108), the parity PAR output has been placed into 
the XC7354-10. Using this approach, the XC7354 com¬ 
putes parity in parallel with the back-end data ADT[31:0] 
being read through the PCI Interface. Back-end data is 
clocked into the PCI Interface and the first stage pipe-line 
of the parity generator. Following this clock edge, back¬ 
end data is placed on the PCI bus and the partial parity is 
fed to the second pipe-line stage. On the next clock 
edge, PAR is output onto the PCI bus with one clock 
cycle delay as specified in the PCI LBS. 
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Figure 15. Parity Generation Block Diagram 


The parity generation circuit makes use of a registered 
pipe-lined design approach. Checking of parity on PCI 
requires replacing the registers in the first stage pipe-line 
with combinatorial logic paths. Removing the intermedi¬ 
ate pipe-line registers converts the parity generator to 
two-logic levels which can be used to calculate parity in 
one clock cycle. Appendix B contains the ABEL source 
code (PARITY.ABL) for the Error Handler Design imple¬ 
mented in the XC7354-10 68-pin PLCC package. 



Figure 14. Parity Operation Timing Diagram 
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Pinout Recommendation 

The XC73108 pinout for a PQ160 can been fixed to align 
with the recommended PCI pinout as shown in Figure 16. 

The IDSEL input should be placed as close as possible 
to AD[31:11] allowing the option for a non-resistive con¬ 
nection of IDSEL to the appropriate address line with 
only a small additional load. This pin has a maximum 
capacitive loading specification of 8pf, matching PCI LBS 
v2.0. 

The placement of power and ground pins is package 
dependent. Connecting the XC7300 V CC | 0 pins to the 
PCI signaling rail (+V| /0 ) on the Universal Board (shown 
in Figure 3) allows the I/O buffers to be powered from 
these special pins. To ensure adequate capacitance 
between the I/O buffer power rail and the ground plane, 
the pins labeled +V| /0 should be decoupled to ground 
with an average of 0.01 uF per pin. Additionally, all +3.3 
volt pins and any unused +5 volt must have plated card 
edge fingers and be coupled to the ground plane on the 
add-in board to control noise immunity and provide effi¬ 
cient AC reference points. 

PCI Design Verification 

Hardware designs can be verified for full compliance 
with the PCI standard by using the Xilinx simulation 
models and the PCI test suite. The PCI test suite con¬ 
sists of 27 test scenarios developed in collaboration with 
the PCI Special Interest Group to exactly match the 
SIG's compliance checklist. For more details on Xilinx 
XC7300 family simulation techniques and the PCI test 
suit contact your local Xilinx Sales Representative or 
email Xilinx at PCI@Xilinx.com. 


Application Summary 

This application note discusses the implementation of a 
Target PCI Bus interface using Xilinx XC73108 and 
XC7354 EPLDs. This design provides the foundation for 
PCI systems and allows customization for different 
design variations and applications. For example, the 
pinout compatible XC73144 can be used as a drop in 
replacement to the XC73108 in order to integrate both 
the XC73108 and XC7354 into a single device. The addi¬ 
tional unused logic available in the XC73144 could be 
used for implementing burst mode counters, latency tim¬ 
ers, target locking mechanisms, and other enhance¬ 
ments. Appendix A contains the ABEL source code for 
the XC73108 bus interface and appendix B contains the 
ABEL source code for the XC7354 parity generator. 

The Xilinx XC7300 family of 100% PCI compliant 
devices offers a wide range of devices which can be 
used to implement various PCI solutions such as initia¬ 
tor interfaces, target interfaces, standard peripheral 
interfaces, and PCI interfaces to standard buses such 
as ISA, EISA, or VME. Contact your local Xilinx distribu¬ 
tor sales office for more information. 

The design specifications in this application note are 
subject to change without notice. Verify with your local 
Xilinx sales office that you have the latest specifications 
before finalizing a design. 
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Figure 16. Recommended Device Pinout 
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Interfacing with Xilinx XC7300 Devices 

This section provides the electrical specifications and 
operating conditions for both 5 volt and 3.3 volt signaling 
environments for Xilinx XC7300 devices. This section ref¬ 
erences the details of the PCI Local Bus Specification 
Revision 2.0 concerning DC, AC, Clock, and Timing 
parameters. It is divided into section titles that are identi¬ 
cal to the PCI specification for easy reference. These 
specifications show that the Xilinx XC7300 devices in 
Table 4 comply with all PCI Local Bus specifications. 


Table 4. Xilinx XC7300 PCI Compliant Devices 


PCI Compliant XC7300 Devices 

XC7318-5,-7 

PQ44, PC44 

XC7336 -5, -7, -10 

PQ44, PC44 

XC7354 -7, -10 

PC44, PC68 

XC7372 -7, -10 

PC68, PC84, PQ100 

XC73108 -7,-10 

PQ100, PQ160, BG225 

XC73144 -7,-10 

PQ160, BG225 


Table 5 shows the EPLD macrocell utilization estimates 
for various functions and PCI interface design configura¬ 
tions. Columns 2 and 3 illustrate the differences between 
target and initiator only designs. Column 4 shows the 
effect of handling the data path with PCI compliant regis¬ 
tered transceivers. Column 5 shows the single device 
solution described in this application note. 


V/l Curves for 3.3 Volt and 5 Volt Signaling 
The PCI bus is unterminated and is based on reflective 
wave signaling. This means that when the bus drivers 
transition a signal line from a low to a high, the transition 
is relatively weak and may only achieve half of the volt¬ 
age change required to cross the logic threshold. This 
weak transition wave is propagated along the bus and is 
seen sequentially by each device connected to the line. 
When the wave reaches the end of the line, it is 
reflected back, effectively doubling the voltage and 
therefore boosting the signal past the logic threshold as 
it passes each input. 

PCI specifies the voltage to current (V/l) requirements 
for device I/O drivers. Traditionally, a bus specifies I/O 
sink and source limits at logic 0 and 1, the steady-state 
conditions. PCI differs in that it also specifies sink and 
source switching currents across the transition from one 
logic level to the other. Figure 17 and Figure 18 on the 
next page show the I 0 h and Iol limits represented by 
shaded regions. A device is considered compliant if it’s 
V/l curve does not cut into a shaded region. These 
curves show that XC7300 EPLDs are fully compliant 
with both 5 volt and 3.3 volt V/l characteristics. 

The V/l curves represent continuous-range, short-circuit 
conditions where the device I/O must handle over 95mA 
for very short time periods. PCI devices do not need to 
handle these levels continuously; steady-state current 
requirements are only 3-6 mA. 


Table 5. XC7300 Macrocell Utilization Estimates 


Device 

XC73108 + XC7354 

XC73108 + PCI 
Bus Transceiver 

XC73144 

Interface Type 

Target Only 

Initator Only 

Target/Initiator 

Target/Initiator 

State Machine 

3 

4 

9 

9 

Add Decode 

1 

- 

1 

1 

Base Add Reg 

8 

- 

8 

8 

Parity Generator 

10 

10 

10 

10 

PCI Interface 

47 

49 

49 

49 

I/O Data Path 

32 

32 

- 

32 

I/O Cntl Logic 

17 

28 

28 

28 

Total In Design 

118 

123 

105 

137 

Total In Device 

162 

162 

108 

144 

Total Available 

44 

39 

3 

7 
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Figure 17.3.3 Volt V/l Curves 


These curves show that both High Density Function Blocks and Fast Function Blocks within Xilinx XC7300 
EPLDs are fully compliant with PCI 3.3 volt V/l characteristics. 



-100 -200 
lOH(mA) 



Figure 18.5 Volt V/l Curves 

These curves show that both High Density Function Blocks and Fast Function Blocks within Xilinx XC7300 
EPLDs are fully compliant with PCI 5 volt V/l characteristics. 
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DC Specifications for 3.3 Volt Signaling 


Symbol 

Parameter 

Condition 

PCI Specification 

XC7300-10 

Units 

PCI 

Compliant 

*. v Min 

Max 

Min 

Max 

< 

o 

o 

Supply Voltage 


3.0 

3.6 

3.0 

3.6 

V 

✓ 

Vih 

Input High Voltage 


0.475 V cc 

Vcc+0.5 

1.425 

Vcc+0.5 

V 

✓ 

V|| 

Input Low Voltage 


-0.5 

0.325VCC 

-0.5 

1.17 

V 

✓ 

v ipu 

Input Pull-up Voltage 


0.7 V cc 


0.7 Vcc 


V 

✓ 

>n 

Input Low Leakage Current 

o 

>° 

V 

c 

> 

V 

o 


±10.0 


±10.0 

pA 

✓ 

Voh 

Output High Voltage 

^out ~ "500 pA 

0.9 V cc 


0-9 Vcc 


V 

✓ 

V 0 I 

Output Low Voltage 

lout = 1500 pA 


0-1 Vcc 


0.1 V cc 

V 

✓ 

c in 

Input Pin Capacitance 



10.0 


8.0 

pF 

✓ 

C clk 

CLK Pin Capacitance 


5.0 

12.0 

5.0 

12.0 

PF 

✓ 

C IDSEL 

IDSEL Pin Capacitance 



8.0 


8.0 

pF 

✓ 

L pin 

Pin Inductance 



20.0 


10.0 

nH 

✓ 


DC Specifications for 5 Volt Signaling 


Symbol 

Parameter 

Condition 

PCI 

Specification 

XC7300-10 

Units 

PCI 

Compliant 

Min 

Max 

Min 

Max 

Vcc 

Supply Voltage 


4.75 

5.25 

4.75 

5.25 

V 

✓ 

Vih 

Input High Voltage 


2.0 

Vcc+0.5 

2.0 

Vcc+0.5 

V 

✓ 

v« 

Input Low Voltage 


-0.5 

0.8 

-0.5 

0.8 

V 

✓ 

•ih 

Input High Leakage Current 

Vj n = 2.7 


70.0 


10.0 

JlA 

✓ 

<il 

Input Low Leakage Current 

< 

II 

o 

cn 


-70.0 


-10.0 

HA 

✓ 

Voh 

Output High Voltage 

lout ~ m A 

2.4 


2.4 


V 

✓ 

Vol 

Output Low Voltage 

l out = 3 mA, 6 mA 


0.55 


0.5 

V 

✓ 

Cin 

Input Pin Capacitance 



10.0 


8.0 

pF 

✓ 

C clk 

CLK Pin Capacitance 


5.0 

12.0 

5.0 

12.0 

PF 

✓ 

C IDSEL 

IDSEL Pin Capacitance 



8.0 


8.0 

pF 

✓ 

l-pin 

Pin Inductance 



20.0 


10.0 

nH 

✓ 


The PCI specification calls for components to operate within the commercial range of environmental parameters. All of the specifi¬ 
cations listed for Xilinx XC7300 devices are for the commercial range of V cc = 5.0 V ± 5% and ambient temperature of 0°C to 70°C. 
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AC Specifications for 3.3 Volt Signaling (Fast Function Blocks) 


Symbol 

Parameter 

Condition 

PCI Specification 

XC7300-10 

Units 

PCI 

Compliant 

Min 

Max 

Min 

Max 

'oh(AC) 

Switching Current High 

0 < V ou t < 0.3V CC 

o 

>* 

CM 


-50 


mA 

✓ 

0-3V cc < V 0 ut < 0.9 Vq C 

EqnF 

EqnC 

Note 3 


mA 

✓ 

(test point) 

v out = °- 7V cc 


-32V CC 


-90 

mA 

✓ 

•oKAC) 

SwitchingCurrent Low 

v cc > v out - °- 6V cc 

16V CC 


70 


mA 

✓ 

0.6>V out >0.1V cc 

26.7 V out 

EqnD 

Note 4 


mA 

✓ 

(test point) 

v out = 0 * 18 v cc 


38 Vcc 


90 

mA 

✓ 

•cl 

Low Clamp Current 

V in = -1.-2 

-25, -91 


-25, -100 


mA 

✓ 

*ch 

High Clamp Current 

Vjn = Vcc +1 ’ V cc+2 

25, 91 


25, 100 


mA 

✓ 

*r 

Unloaded Output Rise 
Time 

0.2V CC - 0.6V CC 

1 

4 

1.1 

4 

V/ns 

✓ 

‘f 

Unloaded Output Fall 
Time 

0.6V CC - 0.2V cc 

1 

4 

1.5 

4 

V/ns 

✓ 


AC Specifications for 3.3 Volt Signaling (High Density Function Blocks) 


Symbol 

Parameter 

Condition 

PCI Specification 

XC7300-10 

Units 

PCI 

Compliant 

Min 

Max 

Min 

Max 

'oh(AC) 

Switching Current High 

0<V out <0.3V cc 

o 

CM 


-40 


mA 

✓ 

0*3V cc <V ou t<0.9V cc 

EqnF 

EqnC 

Note 3 


mA 

✓ 

(test point) 

v out = 0.7V CC 


-32 V cc 


-50 

mA 

✓ 

'ol(AC) 

SwitchingCurrent Low 

^cc > ^out - 8 - 8 ^cc 

16V CC 


60 


mA 

✓ 

0-6 > V 0U ( > 0.1 V cc 

26.7 V out 

EqnD 

Note 4 


mA 

✓ 

(test point) 

v out = °T8 V cc 


38 Vcc 


60 

mA 

✓ 

•cl 

Low Clamp Current 

V in = -1.-2 

-25, -91 


-25, -100 


mA 

✓ 

•ch 

High Clamp Current 

V in = V cc +1 • V cc + 2 

25,91 


25,100 


mA 

✓ 

V 

Unloaded Output Rise 
Time 

0.2V cc -0.6Vcc 

1 

4 

1.0 

4 

V/ns 

✓ 

‘t 

Unloaded Output Fall 
Time 

0.6V CC - 0.2V CC 

1 

4 

1.5 

4 

V/ns 

✓ 


Note 3: XC73108-10 l oh switching currents are within the minimum and maximum conditions established by equations F and C. 
Note 4: XC73108-10 Iqj switching currents are within the minimum and maximum conditions established by 26.7 ut and equation D. 

Equation C: l oh = (98.0/V cc )*(V ou ,-V cc )*(V out +0.4V cc ) tor V* > V out > 0.7V,* 

Equation D: l 0 | = (256/V cc )*(V out *(V cc -V out ) for ov < V out < 0.18V,* 

Equation F: l oh = -17.1 (V cc -V oul ) tor o. 3 V,*< v out < 0 . 9 V,* 
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AC Specifications for 5 Volt Signaling (Fast Function Blocks) 


Symbol 

Parameter 

Condition 

PCI Specification 

XC7300-10 

Units 

PCI 

Compliant 

Min 

Max 

Min 

Max 

'oh(AC) 

Switching Current High 

0<V out £l.4 

-44 


-60 


mA 

✓ 

1 -4 < V out < 2.4 

EqnE 

EqnA 

Note 1 


mA 

✓ 

(test point) 

V ou t = 3.1 


-142 


-60 

mA 

✓ 

'ol(AC) 

Switching Current Low 

Vout *2.2 

95 


110 


mA 

✓ 

2.2 >V out > 0.55 

V out /0.023 

EqnB 

Note 2 


mA 

✓ 

(test point) 

Vout = 0-71 


206 


140 

mA 

✓ 

•cl 

Low Clamp Current 

Vj n = -1i-2 

-25, -91 


-25,-100 


mA 

✓ 

V 

Unloaded Output Rise Time 

0.4V to 2.4V 

1 

5 

1.0 

5 

V/ns 

✓ 

tf 

Unloaded Output Fall Time 

2.4V to 0.4V 

1 

5 

1.8 

5 

V/ns 

✓ 


AC Specifications for 5 Volt Signaling (High Density Function Blocks) 


Symbol 

Parameter 

Condition 

PCI Specification 

XC7300-10 

Units 

PCI 

Compliant 

Min 

Max 

Min 

Max 

'oh(AC) 

Switching Current High 

0<V out <1.4 

-44 


-45 


mA 

✓ 

1-4 < V out < 2.4 

EqnE 

EqnA 

Note 1 


mA 

✓ 

(test point) 

Vout = 3-1 


-142 


-40 

mA 

✓ 

'ol(AC) 

Switching Current Low 

Vout ^ 2.2 

95 


95 


mA 

✓ 

2.2 >V out > 0.55 

Vout/0.023 

EqnB 

Note 2 


mA 

✓ 

(test point) 

V out = 0.71 


206 


70 

mA 

✓ 

•cl 

Low Clamp Current 

V in = -1.-2 

-25, -91 


-25,-100 


mA 

✓ 

V 

Unloaded Output Rise Time 

0.4V to 2.4V 

1 

5 

1.2 

5 

V/ns 

✓ 

tf 

Unloaded Output Fall Time 

2.4V to 0.4V 

1 

5 

_ 1 

1.9 

5 

_! 

V/ns 

✓ 


Note 1: XC73108-10 l oh switching currents are within the minimum and maximum conditions established by equations E and A. 

Note 2: XC73108-10 l 0 | switching currents are within the minimum and maximum conditions established by \k ut /0.023 and equation B 

Equation A: l oh = 11.9*(V out -5.25)*(V ou ,+2.45) for v M > v^, > 3.1 V 
Equation B: I o1 = 78.5*(V out *(4.4-V out ) for ov < V^, < 0.71V 
Equation E: l oh = -44+(V ou ,-1.4)70.024 for 1 .4 < v oul < 2.4 
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Timing Specifications 


Symbol 

Parameter 

PCI Specification 

XC7300-10 

Units 

PCI 

Compliant 

Min 

Max 

Min 

Max 

tcyc 

CLK Cycle Time 

30.0 

oo 

16.0 

oo 

ns 

✓ 

thigh 

CLK High Time 

12.0 


5.0 


ns 

✓ 

tlow 

CLK Low Time 

12.0 


5.0 


ns 

✓ 

- 

CLK Slew Rate 

1.0 

4 

1.0 

4 

V/ns 

✓ 


The PCI specification requires components to support frequencies from 0MHz to 33 MHz. 


5 Volt and 3.3 Volt Timing Parameters 


Symbol 

Parameter 

PCI Specification 

XC7300-10 

Units 

PCI 

Compliant 

Min 

Max 

Min 

Max 

tval 

CLK to Signal Valid Delay- bussed signals 

2 

11 

2 

10.5 

ns 

✓ 

VaKPW 

CLK to Signal Valid Delay- point to point 

2 

12 

2 

10.5 

ns 

✓ 

ton 

Float to Active Delay 

2 


2 


ns 

✓ 

*off 

Active Float Delay 


28 


28 

ns 

✓ 

tsu 

Input Set up Time to CLK- bussed signals 

7 


5 


ns 

✓ 

tsu 

Input Set up Time to CLK- bussed signals 

7 


5 


ns 

✓ 

tsu(P'P) 

Input Set up Time to CLK- point to point 

10,12 


5 


ns 

✓ 

‘h 

Input Hold Time from CLK 

0 


0 


ns 

✓ 

trst-on 

Reset Active to Output Float Delay 


40 


23 

ns 

✓ 


In expansion boards, compliance with the clock specification is measured at the expansion board component, 
not at the connector slot. 


Note: 

This design has been compiled for Xilinx EPLDs. It has been simulated but not constructed and may require modification to 
operate in different end applications. 
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Appendix A 
ABEL Source Code 
XC73108 PCI Bus Interface 


module TARGET 

title 'PCI Target Interface Design' 

TARGET device ; 

"PCI Bus Input Signal Declarations 

CLK,FRAMEI,IRDYI,IDSELI,CBE3..CBEO pin; 

FRAME,IRDY,IDSEL,CBEI3..CBEIO node istype 

"PCI Bus Output and I/O Pad Register Declaration 
AD31..ADO,TRDY,STOP,DEVSEL pin istype 

ADI31..ADI0 node istype 

"Target Bus Input Signal Declarations 
TERM,READY,T_ABORT,TAR_DLY,TRDY_FOE pin; 

"TARGET Interface Outputs Node Declarations 
T_AD31..T_AD0,TRDY_OE pin istype 

PAR_OE,PERR_OE,AD_OE,T_AD_OE,RD_WR,SO pin istype 

TS2..TSO,MEM_EN node istype 

CFG_WR,BA31..BA24,CFGQ7..CFGQ2 node istype 


reg' ; 


reg' ; 
reg'; 


reg'; 
reg ’ ; 
reg' ; 
reg'; 


HIT,MATCH,BURST, 

LOAD 

node istype 'com' 


NODE_C6..NODE_C3 

node istype 'com' 


NODE_CFG_lOh,NODE_CFG_04h 

node istype 'com' 


h, 1, x 

= 1, 0 , . X. ; 




"Signal Bus Declarations for PCI and Target Bus Interfaces 

PCI_AD_BUS 

= [AD31..ADO]; 




PCI_AD_REG 

= [ADI31..ADIO] 




PCI_AD_HI 

= [ADI31..ADI24]; 



CFG_AD_IN 

= [ADI7..ADI2]; 




CFG_AD_CNTR 

= [CFGQ7..CFGQ2]; 



PCI.CBE 

= [CBE3..CBEO]; 




PCI_CBE_REG 

= [CBEI3..CBEIO]; 



T_AD_BUS 

= (T_AD31..T_AD0]; 



BAS E_AD_REG 

= [BA31..BA24]; 




"PCI TARGET State Machine Register Assignment 


TARGET_SEQ 

= [TS2,TS1,TSO] 




IDLE_ 

o 

o 

o 




B_BUSY_ 

o 

o 

ii 




S_DATA_ 

= [0,1,1] 




TURN_AR_ 

o 

o 

II 




BACKOFF. 

= [1,1,0] 




STATENl. 

= [1,1,1] 




STATEN2. 

= [1,0,1] 




STATEN3_ 

= [1,0,0] 




IDLE 

= TARGET.SEQ == 

o 

o 

o 



B.BUSY 

= TARGET.SEQ == 

[0,0,1] 



S.DATA 

= TARGET.SEQ == 

[0,1,1] 



TURN.AR 

= TARGET.SEQ == 

[0,1,0] 



BACKOFF 

= TARGET.SEQ == 

[1,1,0] 



0ALTERNATE 





0DCSET 





XEPLD PROPERTY 

PARTITION FFB TS2 TS1 TSO AD_OE T_AD_OE 

TRDY STOP DEVSEL 1 

XEPLD PROPERTY 

INPUTPIN (FI) FRAMEI IRDYI'; 


XEPLD PROPERTY 

LOGIC.OPT OFF NODE_CFG_10h NODE_CFG_04h 

MEM.EN LOAD BURST 

Equations 





" PCI bus to Target interface data path 

Target interface passes 

" address and data transfers synchronusly through interface 

PCI_AD_BUS 

= T_AD_BUS.PIN 




PCI_AD_BUS.CLK 

= CLK; 




PCI_AD_BUS.OE 

= /AD_OE; 




PCI_AD_REG 

= PCI_AD_BUS.PIN; 



PCI_AD_REG.CLK 

= CLK; 




PCI_CBE_REG 

= PCI.CBE.PIN; 




PCI_CBE_REG.CLK 

= CLK; 
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FRAME := FRAMED 

FRAME.CLK = CLK; 

IRDY := IRDYI; 

IRDY.CLK = CLK; 

IDSEL := IDSELI; 

IDSEL.CLK = CLK; 

T_AD_BUS := PCI_AD_REG; 

T_AD_BUS.OE = /T_AD_OE; 

T_AD_BUS.CLK = CLK; 

BURST = S_DATA * /IRDY * /TRDY; 

LOAD = (/FRAME * IDSEL * CBEI3 * /CBEI2 * CBEIl); 

HIT = MATCH * MEM_EN; 

MATCH = (PCI_AD_HI == BASE_AD_REG); 

CFG_WR := IDSEL * CBEI3 * /CBEI2 * CBEIl * CBEIO * /ADIl * /ADIO * IDLE 

+ CFG_WR * /IDLE; 

CFG_WR.CLK = CLK; 

CFGQ2 := LOAD * /BURST * ADI2 

+ /BURST * CFGQ2 
+ BURST * /CFGQ2; 

CFGQ3 := LOAD * /BURST * ADI3 

+ /BURST * CFGQ3 
+ BURST * (CFGQ3 :+: CFGQ2); 

CFGQ4 := LOAD * /BURST * ADI4 

+ /BURST * CFGQ4 
+ BURST * (CFGQ4 :+; NODE_C3); 

CFGQ5 := LOAD * /BURST * ADI5 

+ /BURST * CFGQ5 
+ BURST * (CFGQ5 :+: NODE_C4); 

CFGQ6 ;= LOAD * /BURST * ADI6 

+ /BURST * CFGQ6 
+ BURST * (CFGQ6 :+: NODE_C5); 

CFGQ7 ;= LOAD * /BURST * ADI7 

+ /BURST * CFGQ7 
+ BURST * (CFGQ7 NODE_C6); 

CFG_AD_CNTR.CLK = CLK; 

NODE_C3 = (CFGQ3 * CFGQ2); 

NODE_C4 = (CFGQ4 * CFGQ3 * CFGQ2); 

NODE_C5 = (CFGQ5 * CFGQ4 * CFGQ3 * CFGQ2); 

NODE_C6 = (CFGQ6 * CFGQ5 * CFGQ4 * CFGQ3 * CFGQ2); 

BASE_AD_REG := (PCI_AD_HI) * CFG_WR * NODE_CFG_10h 

+ (BASE_AD_REG) * /(CFG_WR * NODE_CFG_10h); 

BASE_AD_REG.CLK = CLK; 

NODE_CFG_lOh = /CFGQ7 * /CFGQ6 * /CFGQ5 * CFGQ4 * /CFGQ3 * /CFGQ2; 

MEM_EN := (ADIl) * CFG_WR * NODE_CFG_04h 

+ (MEM_EN) * /(CFG_WR * NODE_CFG_04h); 

MEM_EN.CLK = CLK; 

NODE_CFG_04h = /CFGQ7 * /CFGQ6 * /CFGQ5 * /CFGQ4 * /CFGQ3 * CFGQ2; 

* Target Sequncer State Machine 

" DVSEL is asserted from address hit until either TURN_AR or T_ABORT is 

" asserted by the Target agent 

/DEVSEL := (IDLE * /FRAME * CBEI3 * /CBEI2 * CBEIl * /ADIl * /ADIO * IDSEL 

+ IDLE * /FRAME * /CBEI3 * CBEI2 * CBEIl 

+ IDLE * /FRAME * CBEI3 * CBEI2 * /CBEIl 

+ S_DATA * (/IRDY + /TRDY + FRAMED * /T_ABORT 
+ BACKOFF * FRAMEI * DEVSEL); 

DEVSEL.OE = TRDY_FOE; 

DEVSEL.CLK = CLK; 

" Target agent ready to complete current data transaction. TRDY is 

" asserted while the Target transfers data (S_DATA) and remains 

* asserted while READY asserted and T_ABORT deasserted 

/TRDY := (S_DATA * (/IRDY + /TRDY) * READY * /T_ABORT * TAR_DLY); 

TRDY.OE = TRDY_FOE; 

TRDY.CLK = CLK; 

TRDY_OE := (IDLE * /FRAME * CBEI3 * /CBEI2 * CBEIl * /ADIl * /ADIO * IDSEL 

+ IDLE * /FRAME * /CBEI3 * CBEI2 * CBEIl 

+ IDLE * /FRAME * CBEI3 * CBEI2 * /CBEIl 

+ BACKOFF + S_DATA + TURN_AR); 
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TRDY_OE.CLK = CLK; 


" Target request Master to stop the current transaction. STOP is 


" asserted in response to T_ABORT and remains asserted until entering 


" TURN.AR 
/STOP 
STOP.OE 
STOP.CLK 
/AD_OE 


AD_OE.CLK 
/T_AD_OE 


T_AD_OE.CLK 
RD_WR 

RD_WR.CLK 


:= (BACKOFF + S_DATA * (T_ABORT + TERM) * TAR_DLY); 

= TRDY_FOE; 

= CLK; 

:= (IDLE * /FRAME * CBEI3 * /CBEI2 * CBEIl * /CBEIO * /ADI1 
+ IDLE * /FRAME * /CBEI3 * CBEI2 * CBEIl * /CBEIO 

+ IDLE * /FRAME * CBEI3 * CBEI2 * /CBEIl * /CBEIO 

+ S_DATA * TAR_DLY * RD_WR); 

= CLK; 

:= (IDLE * /FRAME * CBEI3 * /CBEI2 * CBEIl * CBEIO * /ADI1 
+ IDLE * /FRAME * /CBEI3 * CBEI2 * CBEIl * CBEIO 
+ S_DATA * /T_ABORT * /RD_WR); 

= CLK; 

:= /CBEO * IDLE 

+ RD_WR * /IDLE; 

= CLK; 


/ADIO * IDSEL 


/ADIO * IDSEL 


" Target Adgent control bits SO 0 
SO ;= IDLE * /FRAME * 

+ IDLE * /FRAME * 

+ SO * /IDLE; 

SO. CLK = CLK; 

PAR_OE := S_DATA * /TRDY 

PAR_OE.CLK = CLK; 

PERR_OE := /IRDY * /RD_WR; 

PERR_OE.CLK = CLK; 


- Configuration transfer, 1 - Memory transfer 
/CBEI3 * CBEI2 * CBEIl * /CBEIO 
CBEI3 * CBEI2 * /CBEIl * /CBEIO 


* RD.WR; 


TARGET_SEQ.elk = CLK; 
state_diagram TARGET.SEQ 
"IDLE -- Idle condition, 
state IDLE_: if FRAME then IDLE. 

else if IDSEL * CBEI3 * /CBEI2 * CBEIl * /ADI1 * /ADIO 

+ /CBEI3 * CBEI2 * CBEIl * /ADI1 * /ADIO 

+ CBEI3 * CBEI2 * /CBEIl * /ADI1 * /ADIO 

then S_DATA_ 
else BACKOFF.; 

"B_BUSY -- Agent not involved in current transaction, 
state B.BUSY.: if FRAME then IDLE_ 

else if /IRDY * /HIT then B_BUSY_ 
else if /IRDY * HIT * (/TERM + READY) 
then S_DATA_ 
else BACKOFF.; 

"S_DATA -- Agent has accepted request and will respond, 
state S_DATA_: if FRAME * (/TRDY + /STOP) then TURN_AR_ 

else if /STOP * (TRDY + /IRDY) then BACKOFF, 
else S.DATA.; 



"TURN.AR -- Completed transaction on bus 
state TURN.AR.: if FRAME then IDLE. 

else if /HIT then B.BUSY. 

else if /TERM + READY then S.DATA. 

else BACKOFF.; 

"BACKOFF -- Agent busy unable to respond at this time, 
state BACKOFF.: if FRAME then TURN.AR. 

else BACKOFF.; 

"Unassigned States 


state 

STATENl.: 

goto 

IDLE.; 

state 

STATEN2.: 

goto 

IDLE.; 

state 

STATEN3.: 

goto 

IDLE.; 

end; 
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Appendix B 
ABEL Source Code 
XC7354 Error Handler 


module PARITY 

title 'PCI Parity Generator Block* 
parity device ; 

"Inputs 

CLK,PAR_OE,T_CBEO..T_CBE3,T_AD0..T_AD31 

"Outputs 

PARO..PAR5 
PAR 

xepld PROPERTY 'NODE PARO PARI PAR2 PAR3 PAR4 PAR5'; 
xepld PROPERTY 'FASTCLOCK CLK'; 

PAR_NODE = [PARO..PAR5]; 

©ALTERNATE 

XOR_FACTORS PARO = (T_AD3 :+: (T_AD4 :+: T_AD5)); 

XOR_F ACTORS PAR = (PAR4 + PAR5); 


Equations 


PARO 

= 

((T_AD0 

;+: T_AD1) :+; T_AD2) ;+; 

(T_AD3 :+; 

(T_AD4 T 

_AD5) ) ; 

PARI 

= 

((T_AD6 

;+: T_AD7) :+: T_AD8) :+; 

(T_AD9 :+: 

(T_AD10 :+; 

T_AD11)); 

PAR2 

= 

((T_AD12 

:+: T_AD13) :+; T_AD14) : 

+: (T_AD15 

:+; (T_AD16 

: + 

T_AD17)) 

PAR3 

= 

((T_AD18 

:+: T_AD19) :+: T_AD20) : 

+: (T_AD21 

:+: (T_AD22 

: + 

T_AD2 3)) 

PAR 4 

= 

((T_AD2 4 

: + : T_AD25) : + : T_AD26) : 

+; (T_AD27 

;+; (T_AD28 

; + 

T_AD2 9) ) 

PAR5 

= 

((T_AD3 0 

:+: T_AD31) :+: T_CBE0) : 

+: (T_CBE1 

:+: (T_CBE2 

; + 

T_CBE3)) 

PAR_NODE, 

CLK = CLK; 






PAR 

: = 

((PARO 

+ PARI) :+: (PAR2 + PAR3)) 

:+: (PAR4 

+ PAR 5); 




PAR.CLK = CLK; 

PAR.OE = PAR_OE; 


pin; 

node istype 'reg,xor'; 
pin istype 'reg,xor'; 


end 







£ XILINX 


Designing with the 
XC7336 and XC7318 
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Application Note 


Introduction 

The Xilinx XC7336 and XC7318 are high speed EPLDs 
capable of solving a wide range of logic and state 
machine problems for today's high-performance digital 
systems. This application note presents an explanation of 
the parts, a series of useful design examples and practi¬ 
cal details for designing successfully with these parts. 

XC7336/XC7318 Architecture 

The XC7336 includes 36 macrocells arranged in four 
blocks and supports pin-to-pin speeds as fast as 5 nano¬ 
seconds and clock rates up to 167 MHz. I/O signals can 
interface with 5 V, 3.3 V or both levels. Current software 
support includes XEPLD, ABEL and CUPL and additional 
3rd party schematic and simulation environments. 

Figure 1 shows the global architecture of the Xilinx 
XC7336. Note the regular structure of four similar high 
speed function blocks, centrally connected by the Univer¬ 
sal Interconnect Matrix (UIM™) and surrounded by pins. 


Signals enter and exit on the pins, form logic operations 
within the function blocks and form connections and logic 
operations within the UIM. Each section will be briefly 
discussed, to show key functionality. 

The Interconnect Structure 

There are at least three hierarchical sets of signal paths: 
Local - within the function blocks 
Global - the UIM 
Global - Fast inputs 

Interconnect Within Function Blocks 
Function blocks have 24 input sites. The blocks receive 
signals from the UIM, local macrocell feedback, block 
input pins and 12 global fast input pins. Most signals are 
multiplexed before block entry. The logic blocks them¬ 
selves can generate 9 signals per function block from the 
9 macrocells within each block. Each macrocell signal 
can drive its own dedicated I/O pin and/or feedback 
locally within the function block as well as globally by 
entering the UIM. 
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Figure 1. XC7336 Architecture 


1-49 





Designing with the XC7336 and XC7318 


The UIM 

The UIM is a crosspoint switch. Every signal entering it 
can connect to any line exiting it. The UIM has 24 exit 
points per function block, giving 96 exit points for the 
XC7336. Any entering signal can be connected to any of 
the outgoing lines, giving no connection restrictions 
within the UIM. 

The Fast Inputs 

Distributed around the XC7336 is a group of 12 fast input 
lines. Each line is sourced from a separate pin and 
directly attached to multiplexers driving into the function 
blocks. By assigning signals to these input pins, the fast¬ 
est possible propagation delays occur across the function 
blocks. Twelve fast input pins covers the largest number 
of applications requiring fast inputs, and is ideal for fast 
address decode needs of today's high speed micropro¬ 
cessor systems. 

The Logic Block 

The function blocks are groups of 9 macrocells. The 9 
macrocells share common input points from the UIM, 
groups of 9 pins and neighboring product term multiplex¬ 
ers. Each macrocell (Figure 2) within the block is 
assigned 5 product terms that can be used in a number 
of ways. The macrocell outputs can then drive output pins 


and/or feedback to both the UIM and the function block in 
which it resides. 

The Macrocell 

In the default mode, there are 4 product terms that OR 
together driving the D input to the macrocell flip flop. This 
configuration permits the fifth product term to be 
assigned either to the asynchronous set or reset of the 
flip flop. This first configuration is the most common one. 

Another configuration is to export the 4 product-term 
cluster to a neighbor, increasing the neighbor's available 
product terms by 4. Product term exporting is shown in 
Figure 3. Across the block of 9 macrocells, it is possible 
to assign all product terms to a single macrocell, taking 
its total to 36 product terms. 

When exporting is used, the remaining product term is 
reassigned to the D input of the exporting flip flop passing 
through a series EX-OR gate. By driving one leg of the 
EX-OR gate with a logical one, the EX-OR inverts making 
a “NAND” gate at the D input. This remaining logic per¬ 
mits the exporting macrocell to form sums of products 
when driven from UlM-generated logic. 

XC7336 macrocells can also be transformed into T flip 
flops. The software automatically configures the Q to be 



Figure 2. XC7336/XC7318 Macrocell Architecture 
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From Previous Global 

Macrocell Clocks Single-Product* 



inverted back through a multiplexed EX-OR gate at the D 
flip flop input. This permits efficient counters to be built 
using but a few gates to drive the state transitions. 

The XC7318 macrocell is identical to the XC7336, but the 
XC7318 provides half of the number in the same pack¬ 
age. Figure 4 shows the XC7318 architecture and Table 1 
summarizes key supported features. 


Table 1: Key XC7336/XC7318 Features 


Feature 

XC7336 

XC7318 

Fast Function Blocks 

4 

2 

Fast Inputs 

12 

12 

Fast Clocks 

2 

2 

Fast Output Enables 

2 

2 

3.3 V/5.0 V I/O 

Yes 

Yes 

T p d (Fast In to Fast Out) 

5.0/7.5/10/12 ns 

5.0/7.5 ns 

Tpd (1 or I/O to Outputs) 

8.5 ns 

8.5 ns 

^max 

167 MHz 

167 MHz 

Number of I/Os 

38 

38 

Current Drive 

24 mA 

24 mA 


Designers needing input registers, additional function 
block product terms, more macrocells and built in arith¬ 
metic operations should try the XC7354. The XC7354 
offers more functionality than the XC7336/XC7318 and 
comes in 44-pin and 68-pin packages. 


Table 2 shows the pin functionality of the XC7318, the 
XC7336 and the XC7354. The righthand column summa¬ 
rizes the common functions of all three chips. By using 
the recommended pin assignment on the righthand side, 
for 44-pin designs, an important capability can be had. 
Specifically, designs can be simply migrated among the 3 
parts. For instance, designs wanting minimum density 
can use the XC7318. Greater density with equivalent 
speed can be gained by using the XC7336 and still 
greater density can be had by using the XC7354. Should 
a design initially target the XC7318, the exact same 
design can be moved into the other parts, if additional 
capability is required. 

Timing 

Figure 5 shows the timing model for the XC7336/ 
XC7318. Multiple paths are represented from input pin to 
output pin, depending upon whether signals are assigned 
to pass through the UIM, bypass the D flip flop, incorpo¬ 
rate product term exporting and so forth. There are rela¬ 
tively few combinations, but each signal should be tallied 
separately for its pin to pin time delay, as needed. As an 
example, tally the time delay of three different signals: 

1. Pin-to-pin, fastest path: 

Tdelay = tj n + tf| 0g j + tf pc jj + tf 0Ut 

2. Pin-to-Pin delay through the UIM: 

Tdelay =tj n + t U j m + tf| 0g j + tf pc jj + tf 0Ut 

3. Pin-to-Pin with two levels of p-term exporting: 

Tdelay = tj n + tf| 0g j + 2 t ptX j + tf pc jj + tf 0Ut 

Design Techniques 
Automatic Software 

The design examples presented are shown using PLUS- 
ASM which is simple and easy to understand. Typically, 
designers don't need to designate specific function map¬ 
ping into the XC7336/XC7318 , but occasionally, design¬ 
ers like to control how a solution is implemented, so 
these methods may be of interest. 

Boolean operators used by PLUSASM are simply /,+ and 
* for INVERT, OR and AND, respectively. Combinational 
logic expressions are formed with a simple equal (=) sign, 
with operands and operators located on the right hand 
side of the expression. It is possible to use the / operator 
on the left hand side of an equation, for brevity, when 
needed. 

Flip flop expressions are formed by writing expressions 
for the specific control pins of the flip flop. The D-input is 
a special case, where the equal sign is replaced by the 
compound symbol :=. Clock inputs are determined by the 
syntax FFname.clkf, and reset inputs are designated by 
FFname.rstf. 
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Figure 5. XC7336/XC7318 Timing Model 


A design file contains a header section including optional 
documentation sections and mandatory declaration of 
inputs, outputs, global signals and any user preferred 
arrangement of functions. The interested reader is 
referred to the 1994 XEPLD Design Guide for further 
details. 

SMARTswitch™ 

SMARTswitch is the automatic XEPLD software that 
places logic into the UIM. As single lines enter the UIM, 
they are assigned to function block inputs, making con¬ 
nections. However, multiple lines driving a UIM connec¬ 
tion form a wired AND function, that is useful for making 
additional logic. Forming UIM logic will be illustrated in 
the Counter and Comparator examples shown later. 

Gates 

The following expressions show the basic logic opera¬ 
tions. 

ABAR = /A; 

AORB = A+B; 

AANDB = A*B; 

/ANORB =A+B; 

/ANANDB = A*B; 

AEXORB = /A*B + A7B; 

AEXNORB = A*B + /A7B; 

Muxes and Decoders 

Using the above methods, compound expressions are 
formed to build up logic functions. Using AO to A3, BO to 
B3 and SEL (select) as inputs, a multiplexer follows: 

DATO = SEL*AO + /SEL*BO; 

DAT1 = SEL*A1 + /SEL*B1; 

DAT2 = SEL*A2 + /SEL*B2; 

DAT3 = SEL*A3 + /SEL*B3; 


The approach extends to larger multiplexers. The above 
uses one macrocell per data bit, and leaves behind two 
unused product terms in each macrocell. To take advan¬ 
tage of four product terms per macrocell, the idea 
expands as follows: 

dato = si*so*do + sr/so*co + /si*so*bo + /sr 

/SO*AO 

DAT1 = S1*S0*D1 + S1*/S0*C1 + /S1*S0*B1 + 
/S17S0*A1 

DAT2 = S1*S0*D2 + S1*/S0*C2 + /S1*S0*B2 + /SI* 
/S0*A2 

DAT3 = S1*S0*D3 + S1*/S0*C3 + /S1*S0*B3 +/S1* 
/S0*A3 

Very high speed decoders can be built in the macrocells, 
to form SRAM select signals, but do not use all of the 
macrocell product terms or the flip flop in most cases. 
Decoders are formed as follow: 

DECO = /A37A27A17A0 
DEC1 = /A37A27A1 *A0; 

DEC2=/A37A2*A1*/A0; 

Using Equation 1 from the Timing section, we can deter¬ 
mine the time delay required to generate DEC0,1 or 2 as 
follows for the XC7318-5: 
t in = 1 -5 ns 

tflogi = 1 ns 
tfpdi = 0.5 ns 
tf 0 ut = 2.0 ns 

Tdelay = 1.5 + 1 + 0.5 + 2= 5 ns 
Registers^ 

Simple registers are formed as follows: 

A:= DATAINPUT; 

A.CLKF = CLOCK; 

A.RSTF = RESET; 
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This describes a D flip flop with its input tied to something 
named DATAINPUT, its clock tied to a signal called 
CLOCK and its reset input tied to a signal called RESET. 

Shift Registers 

Cascading registers results in a shift register, as follows: 
A:=DATAINPUT; 

B:=A; 

C:=B; 

D:=C; 

A. CLKF = CLOCK; 

B. CLKF = CLOCK; 

C. CLKF = CLOCK; 

D. CLKF = CLOCK; 

A. RSTF = RESET; 

B. RSTF = RESET; 

C. RSTF = RESET; 

D. RSTF = RESET; 

This shifter uses four macrocells, and if the signals desig¬ 
nated A,B,C,D are declared as outputs, they will appear 
somewhere at the pins of an XC7336/XC7318. If A,B,C 
and D are declared as nodes (internal points), the soft¬ 
ware buries them. 

Counters 

Counters can be built in a number of different ways. The 
most efficient is to have the macrocell flip flops config¬ 
ured as T flip flops. The following equations form T flip 
flops, add logic to load the flip flops, and include a term 
permitting the counter to be paused (CE = Count 
Enable): 

QO.T = LOAD */CE*D07Q0 + 

LOAD*/CE7DO*QO + /LOAD*CE 
Q0.CLKF = CLOCK 
Q0.RSTF = RESET 

Q1.T = LOAD 7CE*D17Q1 + 

LOAD7C E7D1 *Q 1 + /LOAD*CE*QO 
Q1.CLKF = CLOCK 
Q1.RSTF = RESET 

Q2.T = LOAD */CE*D2*/Q2 + 

LOAD*/CE*/D2*Q2 + /LOAD*CE*QO*Q1 
Q2.CLKF = CLOCK 
Q2.RSTF= RESET 


Q4.T = LOAD 7CE*D47Q4 + 
LOAD*/CE7D4*Q4+/LOAD*CE*QO*Q1*Q2*Q3 
Q4.CLKF = CLOCK 
Q4.RSTF = RESET 

Q5.T = LOAD 7CE*D57Q5 + 

L0AD7C E*/D5*Q5 + /LOAD*CE*QO*Q1*Q2*Q*Q4 
Q5.CLKF = CLOCK 
Q5.RSTF = RESET 

Q6.T = LOAD */CE*D6*/Q6 + 

L0AD7C E*/D6*Q6 + /LOAD*CE*QO*Q1*Q2*Q3*Q4*Q5 
Q6.CLKF = CLOCK 
Q6.RSTF = RESET 

Q7.T = LOAD */CE*D7*/Q7 + 

LOAD*/CE*/D7*Q7 + / 

LOAD*CE*QO*Q1 *Q2*Q3*Q4*Q5*Q6 
Q7.CLKF = CLOCK 
Q7.RSTF = RESET 

Q8.T = LOAD */CE*D8*/Q8 + 

LOAD*/CE*/D8*Q8 + / 

LOAD*CE*QO*Q1 *Q2*Q3*Q4*Q5*Q6*Q7 
Q8.CLKF = CLOCK 
Q8.RSTF = RESET 

Count bits QO through Q8 fit nicely into a function block. 
To cascade into the next function block, an additional 
term is needed, that passes the all one condition of the 
low order bits. The term is called CO. 

Before adding in the CO term, the fastest frequency that 
a 9 bit counter can achieve will be calculated. This is 
derived from Figure 5 by tallying the logic time delay 
(tfiogj), with the flip flop required times for setup (tg U ) , 
clock to output (tcoi) and the feedback time delay (t ftd ). 
This results in a timing requirement as follows: 

Tdelay = tfiogi + *su + tcoi + tffd 

Using timing values for the 7.5 ns version of the XC7318 
gives a calculation of the loop time delay as follows: 

tfiogi = 1.5 ns 
t su = 1.5 ns 
tcoi = 1 ns 
tffd = 4 ns 

Tdelay = 1-5+ 1.5+ 1+ 4 = 8 ns 

The reciprocal of this is the fastest operating frequency 
the nine bit version of the counter can achieve: 


Q3.T = LOAD */CE*D3*/Q3 + 
LOAD*/CE*/D3*Q3 +/LOAD*CE*QO*Q1 *Q2 
Q3.CLKF = CLOCK 
Q3.RSTF= RESET 


Fmax = 1/(8 ns) = 125 MHz 

Adding in the CO term is done by logically ANDing 
through the UIM. 
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co = 

Q0*Q1 *Q2*Q3*Q4*Q5*Q6*Q7*Q8 

Q9.T = LOAD 7CE*D97Q9 + 

LOAD7C E7D9*Q9 + /LOAD*CE*CO 
Q9.CLKF = CLOCK 
Q9.RSTF = RESET 

Q10.T = LOAD 7CE*D107Q10 + 

LOAD7C E7D10*Q 10 + /LOAD*CE*CO*Q9 
Q10.CLKF = CLOCK 
Q10.RSTF = RESET 

In this design, the first 9 bits (QO - Q8) reside within an 
XC7336/XC7318 function block. Each flip flop toggles on 
the clock when its CE signal is a logic one and all flip flops 
of lower position are logically one. The condition of all 
lower bits being logical one is decoded by the AND of the 
particular bits, that are broadcast among the macrocells 
within the function block. When nine bits are reached in 
the counter design, a tenth bit must be conditioned for tog¬ 
gle by sending the term CO from one function block to 
another. The software automatically forms the AND gate 
logic for CO in the UIM and passes it as a single signal 
into the next function block. Figure 6 shows the UIM cas¬ 
cade with CO passed from one function block to another. 

Timing for the expanded counter is altered by replacing 
the local feedback expression t FFD with the time delay of 
a signal passing through the UIM, t UjM . This value is 4.5 
ns, taking the total loop delay to 8.5 ns resulting in a 
Fmax of 117 MHz. 

The above counter design shows the regular pattern 
needed by an 11 bit up counter. The pattern is easily 
expanded for up to 36 bits in an XC7336 or 18 bits in an 
XC7318, and may be converted to a down counter by 
taking the /Q outputs outside and complementing the 
data being loaded. Note that two product terms are 
needed to load the flip flops, because T flip flops require 
both input data senses to load. 

Comparators 

Comparators are easily handled by the XC7336/ XC7318 
macrocell, but single bit comparators do not use all avail¬ 
able macrocell product terms. A more efficient use is to 
handle four bits at a time to generate multiple compares 
per macrocell: 

COMP = /B17B07A17A0 + 

B17B0*A17A0 
/B1*B07A1*A0 + 

B1*B0*A1*A0 

Next, several COMP signals can be gated together to 
detect equality across larger groups of bits. Each group 
of four bits uses 4 function block inputs, meaning six four 
bit compares can occur per function block. Another mac¬ 
rocell or the UIM then forms the composite function of all 
the bit compares, as needed. 



Figure 6. UIM Counter Cascade 


An efficient comparator can be built using a slightly different 
strategy, appropriate for microprocessor address decoding. 
Assume a 12 bit operand (AO -All) resides in other func¬ 
tion blocks than the compare function block. This value is 
registered, and may be compared very quickly to another 
12 bit operand (BO - B11) applied to the fast inputs, form¬ 
ing a low asserted compare signal at the function block out¬ 
put pin. The scheme works using the logical OR of multiple 
Exclusive OR functions. Each macrocell uses all four prod¬ 
uct terms, with automatic product term cascading. This 
approach takes 11 ns on the XC7336-7 part, and the out¬ 
put /COMP signal can be tied directly to chip enables on 
external memory chips. See Figure 7. 

/COMP = A07B0 + /AO* BO 
+ A17B1 +/ArB1 
+ A27B2 + /A2*B2 
+ A37B3 + /A3*B3 
+ A47B4 + /A4*B4 
+ A57B5 + /A5*B5 
+ A67B6 + /A6*B6 
+ A77B7 + /A7*B7 
+ A87B8 + /A8*B8 
+A97B9 + /A9*B9 
+ A107B10 + /A1CTB10 
+ A117B11 +/A11*B11 
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2-Bit Compare 



Figure 7.12-Bit Comparator 


Latches 

Occasionally, designers need a transparent latch within 
an XC7336 or XC7318. The latch is formed by feeding 
the macrocell combinatorial logic back upon itself per the 
following equation: 

Q = ENA*DATA + /ENA*Q + Q*DATA 

Note that the signal Q*DATA is included to eliminate a 
hazard, making Q glitch free. 

Merged Mux/Latches 

Latches often occur when driven from multiplexers. 
When this happens, the MUX can be embedded right into 
the latch making a combined function that is faster than 
the stacked function and more efficient. The following 
equation merges a 2 to 1 multiplexer into the latch opera¬ 
tion. 

Q = DAT1*SEL*ENA + DAT07SEL*ENA + Q7ENA 
Clock Tricks 

Building latches is one way of introducing an additional 
clock signal, but designers often need to introduce prod¬ 
uct term clocks. P-term clocks can be formed by simply 
building a logic expression, which will be formed at a 
macrocell, and designating that logic expression as 
another flip flop's clock input. The software will automati¬ 
cally assign the clocking logic to the FCLKO or FCLK1 
pin, where the macrocell output is redirected back into 
the EPLD and assigned as designated. 


5 V 5 V 



Figure 8. Typical Mixed Voltage System 


Practical Considerations for XC7336/XC7318 
Designs 

The XC7336/XC7318 offer additional capability not high¬ 
lighted by the previous discussions. Systems using 3.3 
volt and 5 volt devices are easily interfaced with the 
XC7336 / XC7318, by following a few simple rules. Also, 
very high speed EPLDs behave much better if standard 
high performance printed circuit board techniques are 
adhered to, so a small checklist is appropriate for those 
rules. And finally, best EPLD behavior is obtained by fol¬ 
lowing a few guidelines with respect to the Master Reset 
(/MR) and power on Master Reset capabilities of the 
XC7336 and XC7318. 

Mixed Voltage Operation 

Xilinx EPLDs support mixed voltage systems similar to 
that shown in Figure 8 combining both 3.3 and 5 Volt 
components. Xilinx EPLDs combine both logic and level 
shifting functions in a single programmable device, elimi¬ 
nating the need for discrete level translation buffers. 
These EPLDs feature split power supply rails. The inter¬ 
nal core logic always runs at 5 volts for the fastest possi¬ 
ble performance. The output buffers can be powered by 
either 5 volts or 3.3 volts by connecting the I/O V cc to a 
3.3 volt or 5 volt supply. True TTL compatibility allows the 
EPLDs to drive and be driven by any combination of 3.3 
and 5 volt logic without any performance penalty, even 
when the I/O V cc pins are powered by 3.3 volts. 

The Xilinx EPLD I/O structure is shown in Figure 9. Input 
protection diodes connect to the internal 5 volt power 
supply rail, not the output buffer supply rail. This allows 
the input to withstand a maximum voltage of 7 volts, even 
when the I/O power pins connect to 3.3 volts. Since both 
output transistors are N-channel devices, there is no par¬ 
asitic diode to be forward biased if the output is 3-stated 
and a 5 volt device is driving the EPLD I/O pin. 

This enables the EPLD to operate on a bus that includes 
both 3.3 V and 5 V devices. 
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Mixed voltage power supplies may ramp-up simulta¬ 
neously, or in either order. In all CMOS devices, current 
flows through the input pin protection circuitry if pins are 
driven before V CC j NT is applied. In the XC7336/XC7318, 
no damage will occur if the input current is less than 150 
mA/pin. However, the user is advised to power-up all sys¬ 
tem power supplies simultaneously, thereby minimizing 
input transient currents. 

Xilinx EPLDs are TTL-compatible with 3.3 and 5 volt logic 
as shown in Figure 10. The 5 volt TTL logic input thresh¬ 
olds are VIH = 2.0 V and VIL = 0.8 V. Xilinx EPLDs drive 
HIGH greater than 2.4 V and LOW below 0.4 V at rated 
output drive currents, with at least 400 mV noise margin. 

High Speed Design Considerations 
The XC7336/XC7318 are offered in both 7.5 and 5 nano¬ 
second versions. These very high speed parts have guar¬ 
anteed maximum time delays that are 7.5 and 5 
nanoseconds, and actual parts may in fact be somewhat 
faster. Because of this speed, additional care should be 
taken when using these parts, so that adjoining chips will 
operate properly. 

Many high speed designs also require high current drive 
outputs for handling capacitive loads. The XC7336/ 
XC7318 provide 24 mA drivers to eliminate the need for 
additional buffering that would decrease their speed. This 
results in a need to manage the total current being 
switched, so a strategy to do that is provided. 

As with other high speed logic devices, the XC7336/ 
XC7318 should use low inductance capacitors located as 
close as possible to the XC7336/XC7318 V cc and GND 
pins when mounted on a PC board. Care should be taken 
to mount the devices so that the PC interconnect traces 
are as close as possible to the target signal destinations. 


Layout Checklist: 

Complying with the following checklist should assure a 
successful design with an XC7336 / XC7318: 

1. Tie unused inputs (except master reset) to ground. An 
unused master reset should be tied high. Do not use 
the -u option in XEPLD. 

2 . Locate XC7336 / XC7318 parts near chips they drive or 
are driven from to minimize transmission line effects. 

3. Use wide spacing between fast signal lines (particularly 
clocks) to minimize crosstalk. 

4. Power pins (V cc and GND) are recommended to be 
placed on separate printed circuit board planes. Fast 
signals should reside on another plane, as well. 

5. Decouple the chip V cc with a 0.1 microfarad capacitor 
directly connecting each physical chip V cc to the near¬ 
est ground plane. Low inductance, surface mounted 
capacitors are recommended. 

6 . Decouple the printed circuit board power inputs with 0.1 
uF ceramic (high frequency) and 100 uF electrolytic (low 
frequency) filter capacitors. 

7. All device ground pins must be connected together. 

8 . Avoid using sockets to attach XC7318 and XC7336 
parts to the PCB. Direct soldered connection minimizes 
inductance and reduces ground rise. 

Managing Ground Rise 

Today's high performance designers must also be aware 
of additional factors that can affect the performance of 
fast, high current drive systems. As mentioned earlier, 
possible voltage rise on the ground pins of a device can 
affect the output levels being driven as well as sensed by 
the switching EPLD. 

Figure 11 shows how ground rise is typically observed 
with today's high performance EPLDs. In this setup, mul¬ 
tiple outputs are switched with a control variable, while 
one output is constantly being driven low and observed. 
As the multiple outputs switch, their in rushing current 
converges at the ground pin(s) of the EPLD. Lead imped¬ 
ance causes the reference ground to develop a voltage 
higher than before the switching outputs occurred. The 
result is that the static output being observed also devel¬ 
ops an observable voltage swing. 

All digital ICs have this property, and it causes no harm to 
the system unless the voltage swing on the static output 
is capable of switching another circuit down the line. 
Problems can occur if the voltage swing is excessive and 
this effect is particularly significant if the static (quiet) sig¬ 
nal is attached to another circuit's clock input. 

There are at least two factors that contribute to this 
ground rise. First, the amount of capacitive load being 
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Input and Output Breakdown 
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Figure 10. Xilinx EPLD Driving 3.3 V and 5 V Components 


driven is important because charge on this capacitance 
is the source of the in rushing current. Second, the num¬ 
ber of simultaneous switching outputs is a factor because 
each switching output adds to the total capacitance being 
discharged. 

Unlike typical fast PLDs (shown switching in Figures 12 
and 13), Xilinx EPLDs are not supplied in DIP packages 
with only a single ground. Xilinx EPLDs are supplied in 
symmetric packages that minimize lead inductance and 
supply multiple ground pins. 

The XC7336 and XC7318 each have three grounds. 
Additional grounds and superior packages permit more 
outputs to switch simultaneously than other fast PLDs. 

Figure 14 a and b show the XC7336-5 switching various 
numbers of outputs with a statically observed output 
responding similarly to those shown in Figures 12 and 
13. Note that Figure 14 a and b have each output driving 
an 80 pF load, and that the small ground rise on the 
“static” output is less than that of Figures 11 and 12 
where fewer outputs, driving less load capacitance result 
in greater ground rise on the static output. In summary, 
for AMD the ground rise is 1.66 V, for Lattice it is 2.0 V but 
the XC7336-5 has only 0.72 V. 

The following checklist will reduce unnecessary ground 
rise: 

1. Pinout only essential outputs. Intermediate shifter bits, 
and counter bits that need not drive outputs should 
remain buried. 


EPLD 



Control Input 


/T 


Switching Outputs 



Static Output 

Figure 11. Ground Rise Test 



Ground Rise 


X5511 


2. Minimize the number of outputs switching simulta¬ 
neously. This can be accomplished by skewing the out¬ 
put enable signals FOEO and FOE1. One way to do this 
is to simply route an enable to FOEO, and pass the same 
enable signal through a macrocell for delay, to drive 
FOEl.This is shown in Figure 15 and results in oneTPD 
of time delay. 

3. The two fast clock inputs can be managed similar to 
the two FOE signals, by delaying one of the clocks to 
gain signal skew. 

4. Additional grounding can lower ground rise effects, 
and may be dealt with simply. Unused outputs can be tied 
directly to the PCB ground and driven low using internal 
logic. This splits the current driven into heavily loaded 
ground pins and lowers the voltage rise. 

Master Reset and Power On Master Reset 
The XC7336/XC7318 devices undergo a short internal 
initialization sequence upon device powerup. During this 
time (tRESET)> the outputs remain 3-stated while the 
device is configured from its internal EPROM array and 
all registers are initialized. If the /MR pin is tied to Vccint 
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Figure 12. AMD PALCE 16V8H-7 


the initialization sequence is completely transparent to 
the user and is completed in t reset after v ccint has 
reached 4.75 V. If /MR is held low while the device is 
powering up, the internal initialization sequence begins 
and the outputs will remain 3-stated until the sequence is 
complete and /MR is brought HIGH. V cc rise must be 
monotonic to insure the initialization sequence is per¬ 
formed correctly. 
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Figure 14a. XC7336-5 (Seven Switched Outputs) 


- Switching Outputs 





t« 

wsiSm 
mmm 

SiiKSS! 


Figure 14b. XC7336-5 (12 Switched Outputs) 


Figure 13. Lattice GAL 16V8-10 
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Figure 15. Output Enable Skewing Technique 
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Figure 16 shows a nonmonotonic rising supply voltage, 
that can adversely affect an XC7336/XC7318 during its 
power on initialization sequence. 



For additional flexibility, the /MR pin is provided so the 
EPLD can be reinitialized after power is applied. On the 
falling edge of /MR, all outputs become 3-stated and the 
initialization sequence is started. The outputs will remain 
3-stated until the internal initialization sequence is com¬ 
plete and /MR is brought HIGH. The minimum /MR pulse 
is t WMR . If /MR is brought high after t W MR» but before t RE _ 
SET , the outputs will become active after t RESET . If /MR is 
used, it must be driven from a 5 V signal. 


1-60 









HXILINX" 


Using Xilinx EPLDs in Mixed 
Voltage Systems 
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Application Note 


Introduction 

To meet the demand for higher performance, higher inte¬ 
gration and reduced power consumption, the semiconduc¬ 
tor industry is moving rapidly toward a 3.3 volt nominal 
voltage standard. This new standard allows for the retention 
of TTL threshold levels while providing improved perfor¬ 
mance, noise levels, reliability and power consumption. 

While 3.3 volt systems were synonymous with portable and 
notebook computers in the past, 3.3 volt components are 
rapidly finding their way into desktop PCs and high perfor¬ 
mance system applications (e.g. Green PCs and high 
memory bandwidth systems based on synchronous 
DRAMs). Even though there are many 3.3 volt components 
available, systems will still require a mix of 3.3 and 5 volt 
logic as shown in Figure 1. 

Xilinx EPLDs combine both logic and level shifting functions 
in a single programmable logic device, eliminating the need 
for performance-robbing discrete level translation buffers. 
These EPLDs feature split power supply rails. The internal 
core logic always runs at 5 volts for the fastest possible 
performance. The output buffers can be powered by either 
5 volts or 3.3 volts by connecting the I/O Vcc pins to a 3.3 
volt or 5 volt supply. True TTL compatibility allows the 
EPLDs to drive and be driven by any combination of 3.3 and 
5 volt logic without any performance penalty, even when the 
I/O Vcc pins are powered by 3.3 volts. 


5 V 5 V 



Figure 1. Typical Mixed Voltage System Using Xilinx 
EPLDs 


Xilinx EPLD I/O Characteristics 

The Xilinx EPLD I/O structure is shown in Figure 2. The input 
protection diode is connected to the internal core logic 5 volt 
power supply rail, not the output buffer supply rail. This allows 
the input to withstand a maximum voltage of 7 volts, even 
when the I/O power pins are connected to 3.3 volts. Since 
both output driver transistors are N-channel devices, there is 
no parasitic diode to be forward biased if the output is 
3-stated and a 5 volt device is driving the EPLD I/O pin. Since 
the input protection circuitry is powered by the 5 volt core 
logic supply pins, the 5 volt supply must always be powered 
up at the same time voltage is applied to the I/O pins. 

The Xilinx EPLD worst case performance is specified iden¬ 
tically for both 3.3 and 5 volt I/O power supplies. The output 
drive capability exceeds the LVTTL requirements (-2 mA @ 
V 0 H min = 2.4 V and 2 mA @ V 0 l max = 0.4 V) specified in 
JEDEC standard JESD8-1A. The following curves show 
typical drive characteristics for the XC7236A. 



Figure 2. Xilinx EPLD I/O Structure 
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XC7236A Iql vs. Vql 



Iol (in mA) 

-X-VcciNT = 5 V -•-VcciNT = 5 v, V C C I/O = 3 V X3312 

Figure 3. Typical Output Low Characteristics 


XC7236A Iqh vs. V 0H 



Figure 4. Typical Output High Characteristics 


XC7236A 

tco vs Capactive Load 



Figure 5. Typical Clock-to-Output (tco) vs Capacitive Loading (High-to-Low Transition) 
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XC7236A 

tco vs Capactive Load 
Temp = 70 deg C. Rising Edge 



Figure 6. Typical Clock-to-Output (tco) vs Capacitive Loading (Low-to-High Transition) 


Using Xilinx EPLDS in Mixed Voltage Systems 

During this transition period to 3.3 volt only systems, there 
will be a need to use programmable logic to interface 3.3 
and 5 volt components together. The Xilinx EPLDs are 
designed to be TTL-compatible with 3.3 and 5 volt logic as 
shown in Figure 8. The 5 volt TTL logic input thresholds are 
Vih = 2.0 V and Vil = 0.8 V. Xilinx EPLDs are guaranteed to 
drive a HIGH greater than 2.4 V and a LOW below 0.4 V at 
rated output drive currents. This guarantees at least 400 mV 
noise margin. 

The internal core logic Vcc pins are identified as Vccint in 
the device data sheets. These pins are always connected to 
the 5 volt supply. The I/O Vcc pins are identified as Vccio- 
These pins are connected to the 3.3 volt supply in a mixed 
voltage system. All off the device GND pins must be 
connected together. Since the master reset (MR) pin re¬ 
quires a minimum Vih equal to 60% of the core logic Vcc, it 
is not TTL or LVTTL compatible. If an RC circuit is used to 
hold MR low until Vccint is stable, the current limiting 
resistor should be connected to the 5 volt power supply. If 
a logic device drives MR, a pull up resistor connected to the 
5 volt supply must be used unless the device has 5 volt 
CMOS compatible output levels. 


Device ■-^_ i-v Test 

Output 1 -' T 1 -Point 


•=■ X3316 

Figure 7. Test circuit for tco vs Capacitive Loading Curves 


Conclusion 

Xilinx EPLDs are designed for the task of interfacing 3.3 volt 
logic and 5 volt logic together in high performance digital 
systems. The core logic is always powered at 5 volts for the 
fastest possible performance. The specified I/O perfor¬ 
mance is independent of whether the I/O supply is 5 volts or 
3.3 volts nominal. Because of the minimal impact of I/O 
supply voltage on drive capability and propagation delay vs. 
capacitive loading, Xilinx EPLDs are ideal for high speed 
bus interfaces and memory subsystems that require the 
interfacing of 3.3 volt and 5 volt logic. 


Input and Output Breakdown 
EPLD 3.3 Vl/O 5 V and 3.3 V Logic 


Vq H Max 3.6 V 

n 7,0 “i 

— 6.0 — 

— 5.0 — 

— 4.0 — 

V,h Max 5.5 V (TTL) 

V, H Max 3.6 V (LVTTL) 


— 3.0 — 


V 0 H Min 2.4 V — 

— 2.0 — 

V| H Min 2.0 V 

Vql Max 0.4 V 

— 1.0 — 

- V| L Max 0.8 V 


— 0 — 



Figure 8.3.3 V I/O Xilinx EPLD Driving 3.3 V and 5 V 
Components 
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VME Data Acquisition Interface 
and Control in a Xilinx XC7000 t 


September 1994 Application Note 


Introduction 

The VME bus is a widely used and versatile asynchro¬ 
nous bus interface. This application note presents a data 
acquisition board which interfaces to the VME bus. The 
board consists of a 12-bit digital to analog converter 
(DAC), a 12-bit analog to digital converter (A/D), and the 
logic to control these devices and interface them to the 
VME bus. The interfacing and control logic are imple¬ 
mented in an XC73108-10PQ160 EPLD. Xilinx EPLDs 
are an excellent choice for VME bus applications both 
because of their flexibility and the product line's breadth. 
The XC7000 family is available in densities ranging from 
18 to 144 macrocells, packages from 44 PLCC to 225 
BGA, and pin to pin speeds as fast as 5 ns with clock 
cycles up to 167 MHz. The DualBlock™ architecture is 
another feature that enhances the XC7000 family's suit¬ 
ability for VME bus interfacing applications. The fast func¬ 
tions blocks can be used for functions which require 
leading edge pin-to-pin performance such as address 
decode, while the high density function blocks with inte¬ 
gral ALU and carry chain can be used for more complex 
state machine, counter and compare functions. Because 
the VME bus is asynchronous, the input registers with 
clock enables available in the Xilinx EPLDs benefit the 
designer by allowing the data to be synchronized before it 
is latched into the device. 


VME A/D Board 

A block diagram of a basic VME slave to bus interface is 
shown in figure 1. As can be seen by this block diagram, 
the VME bus really consists of four buses. All of the sig¬ 
nals used in this design interface with the Data Transfer 
Bus (DTB), with the exception of IACK which is driven to 
the board from the Priority Interrupt Bus. All the signals 
used in this design are unidirectional except for the six¬ 
teen data lines. 

Although the DAC and A/D converter are each 12-bits 
wide, the design is easily modified for wider or narrower 
modules due to the flexibility of the Xilinx EPLDs and the 
DS550 XEPLD compiler software. This design as imple¬ 
mented will run up to 38 MHz. Since the VME system 
clock driver is specified to run at 16 MHz, the overall sys¬ 
tem speed in the Xilinx EPLD is more than sufficient. The 
design has been entered twice, once using Boolean logic 
equations, and again in schematic capture form. The 
DS550 XEPLD compiler interfaces with OrCAD386+™, 
Viewlogic, Mentor and Cadence schematic capture tools. 
Integral fitters are available for use with DATA I/Os ABEL 
and Logical Device’s CUPL tools. Designs may also be 
entered using XABEL which is a Xilinx specific version of 
ABEL. 
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Figure 1. VME Slave Board Block Diagram 


tThis application note assumes the reader is familiar with the ANS/IEEE VMEbus specification Std 1014-1987. The reader should use this specifica¬ 
tion to resolve any issues with regards to operation of the VME interface functions described in this application note. 
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General Operation 

The VME bus specification allows for 16, 24, or 32-bit 
addressing and a data path width of 16 or 32 bits. This 
design uses 24-bit (or standard), addressing mode and a 
data path 16 bits wide. A VME system master board 
drives a 24-bit address along with 6 address modifier bits 
to the Data Transfer Bus (DTB). The address comparator 
on the slave board decodes only bits A[24:4]. The lower 
bits of the address bus are used by the master to indicate 
what type of operation is required of the slave. The mas¬ 
ter must also drive the interrupt acknowledge (IACK), 
LWORD, and the address strobe (AS) low. If bits A[24:4] 


and AM[5:0] match the address specified for the Data 
Acquisition board, then the operation begins when the 
master drives DS1 or DSO low and the write (WR) line 
either high or low depending upon the direction of the 
data transfer. The assertion of DS1 or DSO latches the 
“HIT signal indicating that the master is addressing this 
board. The assertion of DS1 or DSO and the registered 
version of the “HIT which is “RHIT, enable the decoder 
which decodes address bits A2 and A1 to determine 
what operation the board is to perform. The output of the 
decoder is further classified by the state of WR. If WR is 
high, then the board is going to send either the contents 


Master " 

I 

Address the Slave 
Present address 
Present address modifier 
Drive LWORD* high 
Drive lack* high 
Drive AS* low 


Specify Data Direction 
Drive WRITE* low 

I 

Specify Data Width 

Wait until DTACK* high and BERR* high (indicates that 
previous slave is no longer driving data bus) 

Place data on D00-D15 
Drive DS1* and DSO* low 


Terminate Cycle 
Receive DTACK* low 
If last cycle then 
Release address lines 
Release address modifier lines 
Release data lines 
Release LWORD* 

Release IACK* 

Endif 

Drive DSO* and DS1* high 
Drive AS* high 


End Termination 
If last cycle then 
Release DSO* and DS1* 
Release AS* or else go to 
Address the Slave 
Endif I 


Slave 


] 


-1 

Process Adress 

Receive address 
Receive address modifier 
Receive LWORD* high 
Receive IACK* high 
Receive AS* low 
If address is valid for this slave 
Then select on-board device 


Store Data I 

Receive WRITE* low 
Receive DS1* low 
Receive DSO* low 
Capture Data from D00-D15 
Write data into selected device 
Respond to Master 
Drive DTACK* tow 
_ I 


Acknowledge Termination 
Receive DSO* and DS1* high 
Release DTACK* 


Figure 2. Typical Double-byte Write Cycle 


X5557 
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of the status register, or the result of the A/D conversion 
to the data bus; if WR is low then the master is either 
sending data to the DAC or telling the DAC to start the 
digital to analog conversion with the data sent on the pre¬ 
vious cycle. The assertion of any one of these conditions 
causes the data acknowledge (DTACK) line to be driven 
low, indicating the data bus is free. The master then 
knows that it can then drive more data onto the bus or 
service an interrupt request from elsewhere in the sys¬ 
tem. Figure 2 shows a flow diagram from the IEEE/ANSI 
VME bus specification of an example of a double-byte 
write cycle. 

Address and Address Modifier Module 

The address and address modifier module is essentially 
an equality comparator. The address bits A[24:4] and 
address modifier bits AM[5:0] are compared with the user 
defined address and modifier bits B[24:4] and BM[5:0] 
respectively. The address and modifier bits are clocked 
into the XC73108’s input pad registers (see figure 3), 
when the master drives the AS line low. The B[24:4] and 
BM[5:0] signals may be hard encoded at the time the 
design is compiled (i.e. Bx = GND or Bx = V cc ), or 
brought out to pins and tied to DIP switches so the end 
user can set the address and modifier code. This design 


assumes the DIP switches will be used as this allows for 
more flexibility as the board is not confined to a particular 
slot in the system. Therefore bits B[24:4] and BM[5:0] are 
brought out to external pins. The six address modifier bits 
are used to determine the number of address bits being 
used as well as determining the type of transfer in 
progress. For a slave with sixteen bit I/O capabilities (we 
are actually using 12 of the data lines and driving the 
remaining four low), the modifier bits should be set to 
2 D h this can be accomplished by hard encoding at the 
time of compilation, or by setting the DIP switches in the 
appropriate positions. The VME bus specification 
requires that if IACK is low, a slave must not respond and 
also that LWORD must be high for a valid double-byte 
(16-bit) data transfer to occur. When all of the above 
requirements are satisfied, the “HIT signal is generated. 
This is latched into a register called “RHIT. when the 
master drives either DSO or DS1 low. The “HIT signal is 
registered because the VME bus specification indicates 
that the address lines can change as soon as the master 
detects the acknowledge. This register is cleared when 
both DSO and DS1 are driven high by the master at the 
end of the data transfer. 



X5463 


Figure 3. Xilinx XC7000 I/O Block Diagram 
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Function Decode 

The outputs from the function decoder will be enabled 
when the address sent by the VME master matches the 
user defined address and DSO and DS1 are both 
asserted. This is where the lower bits of the address bus 
come into play. Table 1 explains the use of these bits. The 
WR line determines which of the control function signals 
is active. If WR is high, then data is directed onto the data 
bus; conversely if WR is low then the function described 
in table 1 occurs. 

Table 1: Table 1. A2, A1, AO, and WR Decoding 


A2 A1 AO 

WR 

Decoder Function (signal) 

o 

o 

X 

0 

Write status register 

o 

o 

X 

1 

Read status register 

0 1 x 

0 

Start A/D conversion 

0 1 x 

1 

Read A/D data 

1 0 x 

0 

Write DAC 

1 0 x 

1 

No Op 


When the data transfer is completed, the board drives the 
data acknowledge signal (DTACK) low. This notifies the 
system that the bus is free and it can send more data or 
the next address to the bus. 

Analog to Digital Operation 

As can be seen in Table 1, page 1 of the schematic dia¬ 
gram, and the PLD listing, when the value of bits A[2:1] is 
01 the function decoder asserts the ADS signal which is 
anded along with the WR signal to generate the ADST 
(A/D Start) signal. This begins the analog to digital con¬ 
version process. When the A/D conversion is complete, 
the BUSY signal from the A/D converter is driven low 
which latches the data into ADRDY register. This in turn 


enables the AD2BUS signal from the function decoder if 
the master is driving the WR signal low. WR low allows 
the data from the A/D converter onto the DTB to be read 
by the master. This is accomplished by enabling the out¬ 
put drivers on the D[15:0] pins. To enable the outputs, 
RHIT, DS1, DSO and A1 must be high, while WR and A2 
must be low. 

Digital to Analog Conversion 

When the proper address is decoded, the HIT signal is 
latched when the master drives either DS1 or DSO low. 
The registered HIT signal, now called RHIT is used with 
the DS1 and DSO signals to enable the function decoder. 
The function decoder decodes the address bits A[2:1] 
and when this value is 10 it outputs the DAL signal which 
is anded with WR. If WR is low, the data is read from the 
bus and the DALD signal is used to latch the data and 
pass it on to the DAC. 

Status register 

The status register indicates when data is ready to be 
read from the A/D converter. This information is passed 
to the system via the DO line of the data bus. When WR, 
DS1 and DSO are high and bits A2, A1 are low ADRDY is 
enabled on the bus and the processor can sample DO to 
see if there is A/D data to be read. 

Modifications 

There are many modifications which can easily be made 
to this design. Additional bits could be added to the status 
register to send an interrupt to the processor when A/D 
data is ready instead of having the processor read the sta¬ 
tus register as is the case in the present design. Another 
easy modification would be to limit the board to a range of 
slots in the system. Then some of the user modifiable 
address bits could be “hard coded” or even eliminated 



X5555 


Figure 4. VME Board Block Diagram 
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thus decreasing the I/O resources needed. This design is 
also easily modifiable for A/Ds and DACs of differing pre¬ 
cision. By using the MSB of the data bus, a 10 or 8-bit A/ 
D and DAC could be easily substituted simply by driving 
the additional (currently unused), bits of the data bus to 
ground i.e. for a 10 bit DAC what is now D11 becomes D9 
and the D6 and D5 equations are modified so that they 
are always at ground level. 

Summary 

This application describes a VME bus interface/data 
acquisition board controller implemented in a Xilinx 
XC73108 EPLD.The design is easily modifiable for wider 
or narrower applications. An electronic version of the 
design in both Boolean and VIEWlogic schematic format 
is available on the Xilinx BBS. 


Xilinx EPLDs offer a wide variety of devices which can be 
used to implement various VME bus interface solutions. 
The Xilinx EPLDs are a superior programmable logic 
solution for this type of application due to the product 
line's broad range of devices from 18 to 144 macrocells 
in speeds up to 5 ns pin-to-pin, the ease of implementa¬ 
tion using the Xilinx DS550 XEPLD translator software, 
and system features such as clock enables for input pad 
registers which are useful when interfacing to an asyn¬ 
chronous bus such as the VME bus. 

Reference: 

IEEE Standard for a Versatile Backplane Bus: 
VMEBus 

Published by: The IEEE (1988) 



PLD file 

The following listing is an annotated version of the PLD file used to implement the data 
acquisition board in a Xilinx XC73108-1OPQ160 EPLD. 

TITLE VME Bus interface and data acquisition controller 

PATTERN VMH 

REVISION 5.0.0 

AUTHOR Patrick Kane 

COMPANY Xilinx EPLD 

DATE 5/3/93 

;This file implements a VME interface for a 12 bit DAC and a 12 bit A/D 
-.converter. The protocol uses 24 bit addressing and double byte 
;read/write cycles. 

CHIP DCD_CTRL XEPLD 
;Address inputs 

INPUTPIN A1 A2 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 
A17 A18 A19 A20 A21 A22 A23 AM5 AM4 AM3 AM2 AMI AMO 
;User input pins for selectable address and modifier code 

INPUTPIN B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 
B21 B22 B23 BM5 BM4 BM3 BM2 BM1 BM0 
;lnput pin from the VME priority interrupt bus 
IACK 

;lnput pins from the VME Data Transfer Bus (DTB) 

LWORD DS0 DS1 WR 
'.Inputs from the 12 bit A/D converter 

ADO ADI AD2 AD3 AD4 AD5 AD6 AD7 AD8 AD9 AD10 AD11 
;Done signal from 12 bit A/D converter 
BUSY 

;System Clock 
16MHZ 
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OUTPUTPIN 

;Start signal for the DAC 

ADST 

;Data Acknowledge to the VME DTB 
DTACK 

;Data for the DAC from the VME DTB bus 

DAO DAI DA2 DA3 DA4 DA5 DA6 DA7 DA8 DA9 DA10 DA11 


;D0 is output only and is the status register bit 
;Data lines D[3..1] are output only and driven to ground because 
;we are only using 12 bits. The inputs of D[15..4] are registered in 
;the I/O pads 

IOPIN D15 D14 D13 D12 D11 DIO D9 D8 D7 D6 D5 D4 
OUTPUTPIN D3 D2 D1 DO 

NODE 

;lnternal nodes for the address and modifier decode 

EQ7_0 EQ15_8 EQ23_16 RHIT ANYDS ADRDY HITRST 

;CEPIN /AS ;This is the clock enable for the address latch (in I/O pads) 

;FASTCLOCK 16MHz ;system clock 

EQUATIONS 

;D-type flip-flop configured as a latch in high density function block 
ADRDY := GND 
ADRDY.CLKF = GND 

ADRDY.RSTF = A1 7A2 * DSO * DS1 7WR * RHIT 
ADRDY.SETF = /BUSY 

;These are the comparator equations for the address and address modifier bits 
/EQ7_0 = AMO 7BM0 + /AMO * BMO + AMI 7BM1 + /AMI * BM1 + AM2 7BM2 
+ /AM2 * BM2 + AM3 7BM3 + /AM3 * BM3 + AM4 7BM4 
+ /AM4 * BM4 + AM5 7BM5 + /AM5 * BM5 + A7 7B7 + /A7 * B7 
+ A6 7B6 + /A6 * B6 + A57B5 + /A5 * B5 + A4 7B4 + /A4 * B4 
/EQ15_8 = A15 7B15 +/A15 * B15 + A14 7B14 +/A14 * B14 + A13 7B13 
+ /A13*B13+ A12 7B12 + /A12 * B12 + All 7B11 
+ /A11 *B11 + A10 7B10 + /A10 * BIO + A9 7B9 
+ /A9 * B9 + A8 7B8 + /A8*B8 

/EQ23_16 = A23 7B23 + /A23 * B23 + A22 7B22 + /A22 * B22 
+ A21 7B21 + /A21 * B21 + A20 7B20 + /A20 * B20 
+ A19 7B19 + /A19 * B19 + A18 7B18 +/A18 * B18 
+ A17 7B17 + /A17 * B17 + A16 7B16 +/A16 * B16 
;RHIT is the signal indicating the board is being addressed 
RHIT := /LWORD 7IACK * EQ7_0 * EQ15_8 * EQ23.16 
RHIT.CLKF = ANYDS 
RHIT.RSTF = HITRST 
HITRST = DSO + DS1 + /RHIT 
ANYDS = /DSO + /DS1 
;ADST strobes analog to digital converter 


1-70 





ADST = A1 7A2 * WR * DSO * DS1 * RHIT 
;DTACK lets the system know that the bus is available 
/DTACK := /A1 * A2 * ANYDS * WR * RHIT 
+ /A2 * ANYDS 7WR * RHIT 
+ A1 7A2 * ANYDS * RHIT 
DTACK.CLKF = 16MHZ 

;these bits come from the DTB and are sent to the DAC 
;Dx.PIN is from the input pad 
DA11 := GND 
DA11.CLKF = GND 

DA11.RSTF = /A1 * A2 * DSO * DS1 *WR 7D15.PIN * RHIT 
DA11 .SETF = /A1 * A2 * DSO * DS1 * WR * D15.PIN * RHIT 
DA10 := GND 
DA10.CLKF = GND 

DA10.RSTF = /A1 * A2 * WR 7D14.PIN * DSO * DS1 * RHIT 
DA10.SETF = /A1 * A2 * WR * D14.PIN * DSO * DS1 * RHIT 
DA9 := GND 
DA9.CLKF = GND 

DA9.RSTF = /A1 * A2 * DSO * DS1 * WR 7D13.PIN * RHIT 
DA9.SETF = /A1 * A2 * DSO * DS1 * WR * D13.PIN * RHIT 
DA8 := GND 
DA8.CLKF = GND 

DA8.RSTF = /A1 * A2 * DSO * DS1 * WR 7D12.PIN * RHIT 
DA8.SETF = /A1 * A2 * DSO * DS1 * WR * D12.PIN * RHIT 
DA7 := GND 
DA7.CLKF = GND 

DA7.RSTF = /A1 * A2 * DSO * DS1 *WR 7D11.PIN * RHIT 
DA7.SETF = /A1 * A2 * DSO * DS1 * WR * D11 .PIN * RHIT 
DA6 := GND 
DA6.CLKF = GND 

DA6.RSTF = /A1 * A2 * DSO * DS1 * WR 7D10.PIN * RHIT 
DA6.SETF = /A1 * A2 * DSO * DS1 * WR * D10.PIN * RHIT 
DA5 := GND 
DA5.CLKF = GND 

DA5.RSTF = /A1 * A2 * DSO * DS1 * WR 7D9.PIN * RHIT 
DA5.SETF = /A1 * A2 * DSO * DS1 * WR * D9.PIN * RHIT 
DA4 := GND 
DA4.CLKF = GND 

DA4.RSTF = /A1 * A2 * DSO * DS1 * WR 7D8.PIN * RHIT 
DA4.SETF = /A1 * A2 * DSO * DS1 * WR * D8.PIN * RHIT 
DA3 := GND 
DA3.CLKF = GND 

DA3.RSTF = /A1 * A2 * WR 7D7.PIN * DSO * DS1 * RHIT 
DA3.SETF = /A1 * A2 * WR * D7.PIN * DSO * DS1 * RHIT 
DA2 := GND 
DA2.CLKF = GND 

DA2.RSTF = /A1 * A2 * WR 7D6.PIN * DSO * DS1 * RHIT 
DA2.SETF = /A1 * A2 * WR * D6.PIN * DSO * DS1 # RHIT 
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DAI := GND 
DAI .CLKF = GND 

DAI .RSTF = /A1 ‘ A2 ‘ WR 7D5.PIN * DSO * DS1 * RHIT 
DAI .SETF = /A1 * A2 * WR * D5.PIN * DSO * DS1 * RHIT 
DAO := GND 
DAO.CLKF = GND 

DAO.RSTF = /A1 * A2 * WR 7D4.PIN * DSO * DS1 * RHIT 
DAO.SETF = /A1 * A2 * WR * D4.PIN * DSO * DS1 * RHIT 
;these are the data outputs 

;D0 is from the status register and indicates when data is ready from the A/D converter 

;D[1:4] are always driven to ground because the DAC and A/D are only 

;12 bits wide 

DO := GND 

DO.CLKF = GND 

DO.RSTF = /A1 7A2 * DSO * DS1 7WR * RHIT 7ADRDY 
DO.SETF = /A1 7A2 * DSO * DS1 VWR * RHIT * ADRDY 
DO.TRST = /A1 7A2 * DSO * DS1 VWR * RHIT 
D1 = GND 

D1.TRST = A1 7A2 * DSO * DS1 VWR * RHIT 
D2 = GND 

D2.TRST = A1 7A2 * DSO * DS1 VWR * RHIT 
D3 = GND 

D3.TRST = A1 VA2 * DSO * DS1 VWR * RHIT 
D4 = ADO 

D4.TRST = A1 VA2 * DSO * DS1 VWR * RHIT 
D5 = ADI 

D5.TRST = A1 7A2 VWR * DSO * DS1 * RHIT 
D6 = AD2 

D6.TRST = A1 VA2 * DSO * DS1 VWR * RHIT 
D7 = AD3 

D7.TRST = A1 7A2 * DSO * DS1 VWR * RHIT 
D8 = AD4 

D8.TRST = A1 VA2 * DSO * DS1 VWR * RHIT 
D9 = AD5 

D9.TRST = A1 VA2 * DSO * DS1 VWR * RHIT 
DIO = AD6 

D10.TRST = A1 VA2 * DSO * DS1 VWR * RHIT 
Dll = AD7 

D11.TRST = A1 VA2 * DSO * DS1 VWR * RHIT 
D12 = AD8 

D12.TRST = A1 7A2 * DSO * DS1 VWR * RHIT 
D13 = AD9 

D13.TRST = A1 7A2 * DSO * DS1 VWR * RHIT 
D14 = AD10 

D14.TRST = A1 7A2 ‘/WR * DSO * DS1 * RHIT 
D15 = AD11 

D15.TRST = A1 7A2 * DSO * DS1 ‘/WR * RHIT 
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HXILINX’ 


Product Description 


Features 

• High-performance Erasable Programmable Logic 
Devices (EPLDs) 

- 5/7.5 ns pin-to-pin speeds on all fast inputs 

- Up to 167 MHz maximum clock frequency 

• Advanced Dual-Block architecture 

- Fast Function Blocks 

- High-Density Function Blocks 
(XC7354, XC7372, XC73108, XC73144) 

• 100% interconnect matrix 

• High-speed arithmetic carry network 

- 1 ns ripple-carry delay per bit 

- 43 to 61 MHz 18-bit accumulators 

• Multiple independent clocks 

• Each input programmable as direct, latched, or 
registered 

• High-drive 24 mA output 

• I/O operation at 3.3 V or 5 V 

• Meets JEDEC Standard (8-1 A) for 3.3 V ±0.3 V 

• Power management options 

• Multiple security bits for design protection 

• Supported by industry standard design and verification 
tools 

• 100% PCI compliant 


Description 

The XC7300 family employs a unique Dual-Block architec¬ 
ture, which provides high speed operations via Fast Func¬ 
tion Blocks and/or high density capability via High Density 
Function Blocks. 

Fast Function Blocks (FFBs) provide fast, pin-to-pin 
speed and logic throughput for critical decoding and ultra¬ 
fast state machine applications. High-Density Function 
Blocks (FBs) provide maximum logic density and system- 
level features to implement complex functions with pre¬ 
dictable timing for adders and accumulators, wide func¬ 
tions and state machines requiring large numbers of 
product terms, and other forms of complex logic. 

In addition, the XC7300 architecture employs the Univer¬ 
sal Interconnect Matrix (UIM) which guarantees 100% 
interconnect of all internal functions. This interconnect 
scheme provides constant, short interconnect delays for 
all routing paths through the UIM. Constant interconnect 
delays simplify device timing and guarantee design perfor¬ 
mance, regardless of logic placement within the chip. 

All XC7300 devices are designed in 0.8p CMOS EPROM 
technology. 

All XC7300 EPLDs include programmable power manage¬ 
ment features to specify high-performance or low-power 
operation on an individual Macrocell-by-Macrocell basis. 
Unused Macrocells are automatically turned off to mini- 
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XC7318 

XC7336 

XC7354 

XC7372 

XC73108 

XC73144 

Typical 22V10 Equivalent 

1.5-2 

1 

CO 

6 

8 

12 

16 

Number of Macrocells 

18 

36 

54 

72 

108 

144 

Number of Function Blocks 

2 

4 

6 

8 

12 

16 

Number of Flip-Flops 

18 

36 

108 
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198 

276 

Number of Fast Inputs 

12 

12 

12 

12 

12 

12 

Number of Signal Pins 

38 

38 

58 

84 

120 

156 
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XC7300 EPLD Family 



Figure 1.XC7300 Device Block Diagram 


mize power dissipation. Designers can operate speed-criti¬ 
cal paths at maximum performance, while non-critical 
paths dissipate less power. 

Xilinx development software supports XC7300 EPLD 
design using third-party schematic entry tools, HDL com¬ 
pilers, or direct equation-based text files. Using a PC or a 
workstation and one of these design capture methods, 
designs are automatically mapped to an XC7300 EPLD in 
a matter of minutes. 

The XC7300 devices are available in plastic and ceramic 
leaded chip carriers, pin-grid-array (PGA), ball-grid-array 
(BGA), and quad flat pack (QFP) packages. Package 
options include both windowed ceramic for design proto¬ 
types and one-time programmable plastic versions for 
cost-effective production volume. 

Architecture 

The XC7300 architecture consists of multiple programma¬ 
ble Function Blocks interconnected by a UIM as shown in 
Figure 1 .The Dual-Block architecture contains two types of 
function blocks: Fast Function Blocks and High-Density 
Function Blocks. Both types of function blocks, and the I/O 
blocks, are interconnected through the UIM. 

Fast Function Blocks 

The Fast Function Block has 24 inputs which can be indi¬ 
vidually selected from the UIM, 12 fast input pins, or the 
nine Macrocell feedbacks from the Fast Function Block. 
The programmable AND array in each Fast Function Block 
generates 45 product terms to drive the nine Macrocells in 


each Fast Function Block. Each Macrocell can be config¬ 
ured for registered or combinatorial logic. See Figure 2. 

Five product terms from the programmable AND array are 
allocated to each Macrocell. Four of these product terms 
are ORed together and may be optionally inverted before 
driving the input of a programmable D-type flip-flop. The 
fifth product term drives the asynchronous active-High pro¬ 
grammable Reset or Set Input to the Macrocell flip-flop. 
The flip-flop can be configured as a D-type or Toggle flip- 
flop, or transparent for combinatorial outputs. 

Two fast function block Macrocell differences exist when 
comparing the XC7336 FFB to the XC7354, XC7372 and 
XC73108 FFBs. 

In the XC7336, five product terms from the programmable 
AND array are allocated to each Macrocell. Four of these 
product-terms are OR’d together and may be optionally 
inverted before driving the input of a programmable D-type 
flip-flop. The fifth product-term drives the asynchronous 
active High programmable Set or Reset input to the Macro¬ 
cell flip-flop. The flip-flop can be configured as a D-type or 
Toggle flip-flop, or transparent for combinatorial outputs. 
See Figure 2. 

In the XC7354, XC7372 and XC73108, five product terms 
from the programmable AND array are allocated to each 
Macrocell. Four of these product-terms are OR’d together, 
inverted and drive the input of a programmable D-type flip- 
flop. The fifth product-term drives the asynchronous active 
High programmable Set input to the Macrocell flip-flop. The 
flip-flop can be configured as a D-type flip-flop or transpar¬ 
ent for combinatorial outputs. See Figure 3. 
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to uim X5725 

Figure 2. Fast Function Block and Macrocell Schematic for the XC7318, XC7336, and XC73144 



Figure 3. Fast Function Block and Macrocell Schematic for the XC7354, XC7372, and XC73108 
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The programmable clock source is one of two global Fast- 
Clock signals (FCLKO or FCLK1) that are distributed with 
short delay and minimal skew over the entire chip. 

The Fast Function Block Macrocells drive chip outputs 
directly through 3-state output buffers. Each output buffer 
can be individually controlled by one of two dedicated 
Fast Output Enable inputs or permanently enabled or dis¬ 
abled. The Macrocell output can also be routed back as 
an input to the Fast Function Block and the UIM. 

Each Fast Function Block output is capable of sinking 
24 mA when V CC j 0 = 5 volts. These include all outputs on 
the XC7318 and XC7336 devices and all Fast Outputs 
(FOs) on the XC7354, XC7372, XC73108, and XC73144 
devices. 

Unlike other I/Os, the Fast Function Block inputs do not 
have an input register. 

Product Term Assignment 

Each Macrocell sum-of-product OR gates can be expanded 
using the Fast Function Block product term assignment 
scheme. Product-term assignment transfers product-terms 
in increments of four product-terms from one Macrocell to 
the neighboring Macrocell (Figure 4). Complex logic func¬ 
tions requiring up to 36 product-terms can be implemented 
using all nine Macrocells within the Fast Function Block. 
When product-terms are assigned to adjacent Macrocells, 
the product-term normally dedicated to the Set or Reset 
function becomes the input to the Macrocell register. 


From Previous Global 

Macrocell Clocks Single-Product- 



Figure 4. Fast Function Block Product-Term Assignment 


High-Density Function Blocks 

The XC7354, XC7372, XC73108 and XC73144 devices 
contain multiple, High-Density Function Blocks linked 
though the UIM. Each Function Block contains nine Mac¬ 
rocells. Each Macrocell can be configured for either regis¬ 
tered or combinatorial logic. A detailed block diagram of 
the High-Density FB is shown in Figure 5. 

Each FB receives 21 signals and their complements from 
the UIM and an additional three inputs from the Fast Input 
(FI) pins. 

Shared and Private Product Terms 
Each Macrocell contains five private product terms that 
can be used as the primary inputs for combinatorial func¬ 
tions implemented in the Arithmetic Logic Unit (ALU), or 
as individual Reset, Set, Output-Enable, and Clock logic 
functions for the flip-flop. Each Function Block also pro¬ 
vides an additional 12 shared product terms, which are 
uncommitted product terms available for any of the nine 
Macrocells within the Function Block. 

Four private product terms can be ORed together with up 
to four shared product terms to drive the D1 input to the 
ALU. The D2 input is driven by the OR of the fifth private 
product term and up to eight of the remaining shared 
product terms. The shared product terms add no logic 
delay, and each shared product term can be connected to 
one or all nine Macrocells in the Function Block. 

Arithmetic Logic Unit 

The functional versatility of each Macrocell in the High- 
Density Function Block is enhanced through additional 
gating and control functions available in the ALU. A 
detailed block diagram of the XC7300 ALU is shown in 
Figure 6. 

The ALU has two programmable modes; logic and arith¬ 
metic. In logic mode, the ALU functions as a 2-input 
function generator using a 4-bit look-up table that can be 
programmed to generate any Boolean function of its D1 
and D2 inputs as illustrated in Table 1. 

The function generator can OR its inputs, widening the 
OR function to a maximum of 17 inputs. It can AND 
them, which means that one sum-of-products can be 
used to mask the other. It can also XOR them, toggling 
the flip-flop or comparing the two sums of products. 
Either or both of the sum-of-product inputs to the ALU 
can be inverted, and either or both can be ignored. 


2-4 






£XILINX 


AND Array 



Figure 5. High-Density Function Block and Macrocell Schematic 


Table 1. Function Generator Logic Operations 


Function 

D1:+: D2 

D1:+: D2 

D1 * D2 

D1 *D2 

D1 +D2 

D1 +D2 

D1 

D2 

DT 

D2 

D1 *D2 

DT * D2 

D1 +D2 

DT + D2 



To Macrocell 
Flip-Flop 


X3206 


Therefore, the ALU can implement one additional layer 
of logic without any speed penalty. 

In arithmetic mode, the ALU block can be programmed to 
generate the arithmetic sum or difference of the D1 and 
D2 inputs. Combined with the carry input from the next 
lower Macrocell, the ALU operates as a 1-bit full adder 
generating a carry output to the next higher Macrocell. 
The carry chain propagates between adjacent Macrocells 
and also crosses the boundaries between Function 
Blocks. This dedicated carry chain overcomes the inher¬ 
ent speed and density problems of the traditional EPLD 
architecture when trying to perform arithmetic functions. 

Carry Lookahead 

Each Function Block provides a carry lookahead genera¬ 
tor capable of anticipating the carry across all nine Mac¬ 
rocells. The carry lookahead generator reduces the 
ripple-carry delay of wide arithmetic functions such as 
add, subtract, and magnitude compare to that of the first 
nine bits, plus the carry lookahead delay of the higher- 
order Function Blocks. 

Macrocell Flip-Flop 

The ALU block output drives the input of a programmable 
D-type flip-flop. The flip-flop is triggered by the rising edge 
of the clock input, but it can be configured as transparent, 
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making the Q output identical to the D input, independent 
of the clock, or as a conventional flip-flop. 

The Macrocell clock source is programmable and can be 
one of the private product terms or one of two global Fast- 
CLK signals (FCLKO and FCLK1). Global FastCLK sig¬ 
nals are distributed to every Macrocell flip-flop with short 
delay and minimal skew. 

The asynchronous Set and Reset product terms override 
the clocked operation. If both asynchronous inputs are 
active simultaneously, Reset overrides Set. 

In addition to driving the chip output buffer, the Macrocell 
output is routed back as an input to the UIM. One private 
product term can be configured to control the Output 
Enable of the output buffer and/or the feedback to the 
UIM. If it is configured to control UIM feedback, the Output 
Enable product term forces the UIM feedback line High 
when the Macrocell output is disabled. 

Universal Interconnect Matrix 

The UIM receives inputs from each Macrocell output, I/O 
pin, and dedicated input pin. Acting as an unrestricted 
crossbar switch, the UIM generates 21 output signals to 
each High-Density Function Block and 24 output signals 
to each Fast Function Block. 


Each UIM input can be programmed to connect to any UIM 
output. The delay through the interconnect matrix is con¬ 
stant, regardless of the routing distance, fan-out, or fan-in. 

When multiple inputs are programmed to be connected to 
the same output, this output produces the logical AND of 
the input signals. By choosing the appropriate signal 
inversions at the input pins, Macrocell outputs and Func¬ 
tion Block AND-array input, this AND logic can also be 
used to implement wide NAND, OR or NOR functions. 
This offers an additional level of logic without any speed 
penalty. 

A Macrocell feedback signal that is disabled by the output 
enable product term represents a High input to the UIM. 
Programming several such Macrocell outputs onto the 
same UIM output emulates a 3-state bus line. If one of the 
Macrocell outputs is enabled, the UIM output assumes 
the enabled output’s level. 

Input/Output Blocks 

Macrocells drive chip outputs directly through 3-state out¬ 
put buffers, each individually controlled by the Output 
Enable product term mentioned above. The Macrocell 
output can be inverted. An additional configuration option 
allows the output to be disabled permanently. Two dedi¬ 
cated FastOE inputs can also be configured to control 
any of the chip outputs instead of, or in conjunction with, 
the individual Output Enable product term. See Figure 7. 



X5463 

Figure 7. Input/Output Schematic (except XC7318/XC7336 which do not include I/O flip-flops) 


2-6 





XC7300 EPLD Family 


Output buffers, except those connected to Fast Function 
Blocks, can sink 12 mA when V CC | 0 = 5 V. Fast Function 
Block outputs can sink 24 mA when V CC | 0 = 5 V. All out¬ 
puts on the XC7318 and XC7336 devices connect to 
FFBs. Outputs listed as Fast Outputs (FO) on the 
XC7354, XC7372, XC73108 and XC73144 devices con¬ 
nect to FFBs. 

Each signal input to the chip is connected to a program¬ 
mable input structure that can be configured as direct, 
latched, or registered. The latch and flip-flop can use one 
of two FastCLK signals as latch enable or clock. The two 
FastCLK signals are FCLKO and a global choice of either 
FCLK1 or FCLK2. Latches are transparent when FastCLK 
is High, and flip-flops clock on the rising edge of FastCLK. 
The flip-flop includes an active-low clock enable, which 
when High, holds the present state of the flip-flop and 
inhibits response to the input signal. The clock e nable 
sour ce is one of two global Clock Enable signals (CEO 
and CE1). An additional configuration option is polarity 
inversion for each input signal. 

3.3 V or 5 V Interface Configuration 

XC7300 devices can be used in systems with two differ¬ 
ent supply voltages: 3.3 V and 5 V. Each XC7300 device 
has separate V cc connections to the internal logic and 
input buffers (V CC | NT ) and to the I/O drivers (V CC | 0 ). 
Vccint must always be connected to a nominal 5 V sup¬ 
ply, while Vqqiq may be connected to either 3.3 V or 5 V, 
depending on the output interface requirement. 

When Vqqiq is connected to 5 V, the input thresholds are 
TTL levels, and thus compatible with 3.3 V and 5 V logic. 
The output High levels are also TTL compatible. When 
V C cio* s connected to 3.3 V, the input thresholds are still 
TTL levels, and the outputs pull up to the 3.3 V rail. This 
makes the XC7300 ideal for interfacing directly to 3.3 V 
components. In addition, the output structure is designed 
so that the I/O can also safely interface to a mixed 3.3 V 
and 5 V bus. 

Power-On Characteristics/Master Reset 

The XC7300 device undergoes a short internal initializa¬ 
tion sequence upon device powerup. During this time 
Preset)* the outputs remain 3-stated while the device is 
configured from its internal EPROM array and all registers 
are initialized. If the MR pin is tied to V CC)NTl the initializa¬ 
tion sequence is completely transparent to the user and is 
completed in t RES ET after V CC | NT has reached 4.75 V. If 
MR is held low while the device is powering up, the inter¬ 
nal initialization sequence begins and outputs will remain 
3-stated until the sequence is complete and MR is 
brought High. V cc rise must be monotonic to insure the 
initialization sequence is performed correctly. 


For additional flexibility, the MR pin is provided so the 
EPLD can be reinitialized after power is applied. On the 
falling edge of MR, all outputs become 3-stated and the 
initialization sequence is started. The outputs will remain 
3-stated until the internal initialization sequence is com¬ 
plete and MR isjbrought High. The minimum MR pulse 
with is t WM R. If MR is brought high after t WMR , but before 
tRESET* the outputs will become active after t RES ET- 

During the initialization sequence, all input registers or 
latches are preloaded High and all FB and FFB Macrocell 
registers are preloaded to a known state. For FFB Macro¬ 
cell registers where the Set/Reset product-term is 
defined, the preload is accomplished by asserting the 
product-term shortly before the end of the initialization 
sequence. When the Set/Reset product-term is defined 
and configured as Reset, the register preload value is 
Low. When the Set/Reset product-term is defined and 
configured as a Set, the register preload value is High. 
For FFB Macrocell registers where the Set/Reset prod¬ 
uct-term is not used, the register preload value is High. 

For FB Macrocell registers, the preload value is defined 
by a separate preload configuration bit, independent of 
the Set and Reset product-terms. The value of this pre¬ 
load configuration bit is determined by the schematic cap¬ 
ture library or in the user’s design. If not specified, the 
register preload value is Low. 

Power Management 

The XC7300 family of devices feature a power-manage¬ 
ment scheme which permits non-speed-critical paths of a 
design to be operated at reduced power. Overall power 
dissipation is often reduced significantly, since, in most 
systems only a small part is speed critical. 

Macrocells can individually be specified for high perfor¬ 
mance or low power operation by adding attributes to the 
logic schematic, or declaration statements to the behav¬ 
ioral description. To further reduce power dissipation, 
unused Function Blocks are turned off and unused Mac¬ 
rocells in used Function Blocks are configured for low 
power operation. 

Erasure Characteristics 

In windowed packages, the content of the EPROM array 
can be erased by exposure to ultraviolet light of wave¬ 
lengths of approximately 4000 A. The recommended era¬ 
sure time is approximately 1 hr. when the device is placed 
within 1 in. of an ultraviolet lamp with a 12,000 pW/cm 2 
power rating. To prevent unintentional exposure, place 
opaque labels over the device window. 

When the device is exposed to high intensity UV light for 
much longer periods, permanent damage can occur. The 
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maximum integrated dose the XC7300 EPLD can be 
exposed to without damage is 7000 W • s/cm 2 , or approxi¬ 
mately one week at 12,000 jiW/cm 2 . 

Design Recommendations 

For proper operation, all unused input and I/O pins must 
be connected to a valid logic level (High or Low). The rec¬ 
ommended decoupling for all V cc pins should total 1 pF 
using high-speed (tantalum or ceramic) capacitors. 

Use electrostatic discharge (ESD) handling procedures 
with the XC7300 EPLDs to prevent damage to the device 
during programming, assembly, and test. 

Design Security 

Each member of the XC7300 family has a multibit security 
system that controls access to the configuration pro¬ 
grammed into the device. This security scheme uses mul¬ 
tiple EPROM bits at various locations within the EPROM 
array to offer a higher degree of design security than other 
EPROM and fused-based devices. Programmed data 
within EPROM cells is invisible-even when examined 
under a microscope-and cannot be selectively erased. 
The EPROM security bits, and the device configuration 
data, reset when the device is erased. 

High-Volume Production Programming 

The XC7300 family offers flexibility for low-volume proto¬ 
types as well as cost-effectiveness for high-volume pro¬ 
duction. The designer can start with ceramic window 
package parts for prototypes, ramp up initial production 
using low-cost plastic parts programmed in-house, and 
then shift into high-volume production using Xilinx factory 
programmed and tested devices. 

The Xilinx factory programmed concept offers significant 
advantages over competitive masked PLDs, or ASIC 
redesigns: 

• No redesign is required - Even though masked devices 
are advertised as timing compatible, subtle differences 
in a chip layout can mean system failure. 

• Devices are factory tested - Factory-programmed 
devices are tested as part of the manufacturing flow, 
insuring high-quality products. 

• Shipments are delivered fast - Production shipments 
can begin within a few weeks, eliminating masking 
delays and qualification requirements. 


For factory programming procedures, contact your local 
Xilinx representative. 

XEPLD Development System 

The designer can create, implement, and verify digital 
logic circuits for EPLD devices using the Xilinx XEPLD 
Development System. Designs can be represented as 
schematics consisting of XEPLD library components, as 
behavioral descriptions, or as a mixture of both. The 
XEPLD translator maps the design quickly and automati¬ 
cally onto a chosen EPLD device, produces documenta¬ 
tion for design analysis and creates a programming file to 
configure the device. 

The following lists some of the XEPLD Development Sys¬ 
tem features. 

• Familiar design approach similar to TTL and PLD 
techniques 

• Converts netlist to fuse map in minutes using a ’486 
PC or workstation platform 

• Interfaces to standard third-party CAE schematics, 
simulation tools, and behavioral languages 

• Schematic library with familiar and powerful TTL-like 
components, including PLDs and ALUs 

• Predictable timing even before design entry, using 
library components and Boolean equations 

Timing simulation using Viewsim, OrCAD VST, and other 
tools controlled by the Xilinx Design Manager (XDM) 
program 

Timing Model 

Timing within the XC7300 EPLDs is accurately deter¬ 
mined using external timing parameters from the device 
data sheet, using a variety of CAE simulators, or with the 
timing model shown in Figure 8. 

The timing model is based on the fixed internal delays of 
the XC7300 architecture which consists of four basic 
parts: I/O Blocks, the UIM, Fast Function Blocks and 
High-Density Function Blocks. The timing model identifies 
the internal delay paths and their relationships to ac char¬ 
acteristics. Using this model and the ac characteristics, 
designers can easily calculate the timing information for a 
particular EPLD. 
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Figure 8. XC7300 Timing Model 


Synchronous Clock Switching Characteristics 
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XC7318 

18-Macrocell CMOS EPLD 


Product Specifications 


Features 

• Ultra high-performance EPLD 

- 5 ns pin-to-pin speed on all fast inputs 

- 167 MHz maximum clock frequency 

• 100% routable with 100% utilization 

• Incorporates two PAL-like 24V9 Fast Function Blocks 

• 18 Output Macrocells 

- Programmable I/O architecture 
-24 mA drive 

• High-performance pP compatible 

• JEDEC standard 3.3 V or 5 V I/O operation 

• Multiple security bits for design protection 

• 44-pin leaded chip carrier and 44-pin quad flat pack 
packages 

• 100% PCI compliant 

General Description 

The XC7318 is a member of the Xilinx XC7300 EPLD family. 
It consists of two PAL-like 24V9 Fast Function Blocks inter¬ 


connected by the 100%-populated Universal Interconnect 
Matrix (UIM™). 

Each Fast Function Block has 24 inputs and contains nine 
Macrocells configurable for registered or combinational 
logic. The nine Macrocell outputs feed back to the UIM and 
can simultaneously drive the output pads. 

The UIM allows 100% connectivity between all function 
blocks and input pins, providing the ability to utilize 100% of 
the device while eliminating routing issues. 

XC7318 device is designed in 0.8 p CMOS EPROM tech¬ 
nology 

Device logic is automatically configured to the user’s speci¬ 
fications using the XEPLD software. The XEPLD software 
is capable of optimizing and collapsing logic. The SMART- 
switch software/hardware feature allows implementation of 
buried combinatorial logic functions in the UIM, thus 
increasing device utilization. The XEPLD software supports 
third party schematic capture and HDL entry tools, as well 
as direct equation-based text files. Using a workstation or 
PC platform, designs are automatically mapped into the 
XC7318 in a matter of minutes. 
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Figure 1. XC7318 Functional Block Diagram 
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Fast Function Blocks (FFB) 

The XC7318 provides two Fast Function Blocks which 
have 24 inputs that can be individually selected from the 
UIM, 12 fast input pins, or the 9 Macrocell feedbacks from 
the Function Block.The programmable AND array in each 
Fast Function Block generates 45 product terms to drive 
nine Macrocells in each FFB. Each Macrocell (Figure 2), 
can be configured for registered or combinatorial logic. 

Five product terms from the programmable AND array are 
allocated to each Macrocell. Four of these product terms 
are ORed together and may be optionally inverted before 
driving the input of a programmable D-type flip-flop. The 
fifth product term drives the asynchronous active-High 
programmable Reset or Set Input to the Macrocell flip- 
flop. The flip-flop can be configured as a D-type or Toggle 
flip-flop or transparent for combinatorial outputs. 

The programmable clock source is one of two global Fast- 
CLK signals (FCLKO or FCLK1) that are distributed with 
short delay and minimal skew over the entire chip. 

I/O Block 

The Fast Function Block Macrocells drive chip outputs 
directly through 3-state output buffers. Each output buffer 
can be individually controlled by one of two dedicated 
active-High Fast Output Enable inputs or permanently 


enabled or disabled. The Macrocell output can also be 
routed back as an input to the Fast Function Block, and 
the UIM. 

Power-On Characteristics/Master Reset 

The XC7318 device undergoes a short internal initializa¬ 
tion sequence upon device powerup. During this time 
Preset)* the outputs remain 3-stated while the device is 
configured from its internal_EPROM array and all regis¬ 
ters are initialized. If the MR pin is tied to V CC | NT , the ini¬ 
tialization sequence is completely transparent to the user 
and is completed in t RESET after V CC | NT has reached 4.75 
V. If MR is held low while the device is powering up, the 
internal initialization sequence begins and outputs will 
remain 3-stated until the sequence is complete and MR is 
brought High. V cc rise must be monotonic to insure the 
initialization sequence is performed correctly. 

For additional flexibility, the MR pin is provided so the 
EPLD can be reinitialized after power is applied. On the 
falling edge of MR, all outputs become 3-stated and the 
initialization sequence is started. The outputs will remain 
3-stated until the internal initialization sequence is com¬ 
plete and MR is brought High. The minimum MR pulse 
width is t W MR- If MR is brought High after t WMR , but 
before t RESET , the outputs will become active after t RE sET* 



toU, M X5218 


Figure 2. Fast Function Block and Macrocell Schematic 
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Figure 3. Fast Function Block Product Term Assignment 


Product Term Assignment 

Each Macrocell sum-of-product OR gate can be 
expanded using the Export product-term assignment fea¬ 
ture. The Export function transfers product-terms in incre¬ 
ments of four from one Macrocell to the neighboring 
Macrocell (Figure 3). Complex logic functions requiring up 
to 36 product-terms can be implemented using all nine 
Macrocells within the Fast Function Block. When product- 
terms are assigned to adjacent Macrocells, the product- 
term normally dedicated to the Set or Reset function 
becomes the input to the Macrocell register. 


Universal Interconnect Matrix 

The UIM receives input from Macrocell outputs, I/O pins, 
and dedicated input pins. Acting as an unrestricted cross¬ 
bar switch, the UIM generates 24 output signals to each 
Fast Function Block. Each UIM input can be programmed 
to connect to any UIM output. The delay through the inter¬ 
connect matrix is constant. 

When multiple inputs are programmed to be connected to 
the same output, this output produces the logical AND of 
the input signals. By choosing the appropriate signal 
polarities at the input pins, Macrocell outputs and Fast 
Function Block AND-array inputs, this AND logic can also 
be used to implement wide NAND, OR or NOR functions. 
This offers an additional level of logic without additional 
speed penalty. 

3.3 V or 5 V Interface Configuration 

The XC7318 can be used in systems with two different 
supply voltages: 3.3 V and 5 V. Each XC7318 device has 
separate V cc connections to the internal logic (V CC | NT ) 
and to the I/O pads (V CC | 0 ). V CC | NT must always be con¬ 
nected to a 5 V supply. V CC | 0 may be connected to either 
3.3 V or 5 V, depending on the output interface require¬ 
ment. 

When V CC |o is connected to 5 V, the input thresholds are 
TTL levels, and thus compatible with 3.3 V and 5 V logic. 
The output High levels are also TTL compatible. When 
V C cio is connected to 3.3 V, the input thresholds are still 
TTL levels, and the outputs pull up to the 3.3 V. This 
makes the XC7318 ideal for interfacing directly to 3.3 V 
components. In addition, the output structure is designed 
so that the I/O can also safely interface to a mixed 3.3 V 
and 5 V bus simultaneously. 






XC7318 CMOS EPLD 


Power Management 

The XC7318 features a power-management scheme 
which permits non-speed-critical paths of a design to be 
operated at reduced power. Overall power dissipation is 
often reduced significantly, since, in most systems only a 
few paths are speed critical. 

Macrocells can individually be specified for high 
performance or low power operation by adding attributes 
to the logic schematic, or declaration statements to the 
behavioral description. To minimize power dissipation, 
unused Function Blocks are turned off and unused 
Macrocells in used Function Blocks are configured for low 
power operation. 

Operating current for each design can be approximated 
for specific operating conditions using the following equa¬ 
tion: 

Iqc (rnA) = MChp (6*6) + MC[_p (5.0) + 

MC (0.005 m A/M Hz) f 

Where: 

MC hp = Macrocells in high-performance mode 

MC lp = Macrocells in low-power mode 

MC = Total number of Macrocells used 

f = Clock frequency (MHz) 

Figure 4 shows a typical power calculation for the 
XC7318 device, programmed as a 16-bit counter and 
operating at the indicated clock frequency. 



Clock Frequency (MHz) 
Figure 4. Typical lc C vs Frequency for XC7318 


Design Security 

The XC7318 has a multibit security system that controls 
access to the configuration programmed into the device. 
This security scheme uses multiple EPROM bits at vari¬ 
ous locations within the EPROM array to offer a higher 
degree of design security than other EPROM and fused- 
based devices. 

Prototyping and Programming 

If prototype systems require erasable devices, the 
XC7336 in a windowed ceramic LCC should be used. The 
XC7336-WC44 is pin-compatible with the XC7318-PC44. 
The XC7336 can be programmed to emulate the XC7318 
by turning off FFB3 and FFB4. Production requirements 
are supported with the XC7318 in 44-pin Plastic Leaded 
Chip Carrier or Quad Flat Pack packages. 

Xilinx offers the HW-120 programmer for use during pro¬ 
totyping as well as support from major third party pro¬ 
grammer companies. For production volumes, Xilinx and 
their licensed distributors offer factory programming of the 
XC7318 devices. 

For factory programming procedures, contact your local 
Xilinx representative. 

XEPLD Translator Software 

The designer can create, implement, and verify digital 
logic circuits for EPLD devices using the Xilinx XEPLD 
software. Designs can be represented as schematics 
consisting of XEPLD library components, as behavioral 
descriptions (Boolean, HDL etc.), or as a combination of 
both techniques. The XEPLD translator automatically 
optimizes, collapses, and implements the design as well 
as writing a programming file without user intervention. At 
the completion of the compilation process, the XEPLD 
translator writes detailed report files for design analysis 
and documentation. 
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Here are just a few of the XEPLD Development System 
features: 

• Automatic Optimization and Mapping 

Designs are automatically minimized and mapped into 
the devices for optimal efficiently and high 
performance. Critical logic functions are automatically 
assigned to special resources such as high speed 
clocks and global output enable signals. This allows 
the user to concentrate on design functionality without 
concern for physical implementation. 

• Automatic use of UiM Resources - SMARTswitch 
The Universal Interconnect Matrix (UIM) used in Xilinx 
EPLDs provides an additional level of logic at no 
additional delay. XEPLD automatically uses the 
inherent logic capability of the UIM when possible to 
reduce Macrocell requirements and increase speed. 


• N-to-1 PAL Conversion Utility 

XEPLD automatically combines 20- and 24-pin standard 
PAL files into one top-level design file, checks for errors, 
and compiles the design into one or more EPLDs. The 
N-to-1 PAL converter is ideal for one step logic 
consolidation and board space reduction. 

• Complete Design Control 

Users have the option to override the automatic features 
of XEPLD and selectively control any or all device 
resources. 

• Multiple Platform Support 

XEPLD runs on IBM Compatible PCs, Sun, HP700, and 
IBM RS6000 platforms. 


Notice: The information contained in this data sheet pertains to products in the initial production phases of development. These 
specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest data sheet before 
finalizing a design. 

Absolute Maximum Ratings 


Symbol 

Parameter 

Value j 

Units 

< 

o 

o 

Supply voltage with respect to GND 

-0.5 to 7.0 

V 

V,N 

DC Input voltage with respect to GND 

-0.5 to Vqq +0.5 

V 

V TS 

Voltage applied to 3-state output with respect to GND 

-0.5 to Vqq +0.5 

V 

t stg 

Storage temperature 

-65 to+150 

°c 

t sol 

Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) 

+260 

°c 


Warning Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. 
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed 
under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for 
extended periods of time may affect device reliability. 


Recommended Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

v ccint/ 

V CCIO 

Supply voltage relative to GND Commercial T A = 0° C to 70° C 

4.75 

5.25 

V 

V CCIO 

I/O supply voltage relative to GND 

3.0 

3.60 

V 

V|L 

Low-level input voltage 

0 

0.80 

V 

V|H 

High-level input voltage 

2.00 

V CC +0.5 

V 

v 0 

Output voltage 

0 

V CCIO 

V 

Tin 

Input signal transition time 


50 

ns 
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DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

VOH 

5 V TTL High-level output voltage 

Iqh = "4.0 mA 

Vcc = Min 

2.4 


V 

3.3 V High-level output voltage 

Iqh = "3.2 mA 

Vqc = Min 

2.4 


V 

VOL 

5 V TTL Low-level output voltage 

Iol = 24 mA 

Vqc = Min 


0.5 

V 

3.3 V Low-level output voltage 

Iql = 24 mA 

Vcc = Min 


0.4 

V 

'IL 

Input leakage current 

Vcc = Max 

V )N = GND or Vccio 


±10.0 

pA 

•oz 

Output high-Z leakage current 

V C c = Max 

v in = gnd or Vccio 


±10.0 

pA 

C IN 

Input capacitance for Input and I/O pins 

V, n = GND 
f* 1.0 MHz 


6.0 

pF 

C IN 

Input capacitance for global control pins 
(FCLKO, FCLK1, FOEO, FOE1) 

V| N = GND 
f = 1.0 MHz 


8.0 

PF 

COUT 1 

Output capacitance 

V, N = GND 
f = 1.0 MHz 


10.0 

PF 

■cc 2 

Supply current 

V|N = Vcc or GND 

Vccint = v ccio = 5V 
f= 1.0 MHz @ 25°C 

90 Typ 

mA 


Power-up/Reset Timing Parameters 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

l WMR 

Master Reset input Low pulse width 

100 



ns 

Preset 

Configuration completion time 


80 

160 

ps 


Notes: 1. Sample tested. 

2. Measured with device programmed as two 16-bit counters. 
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Figure 5. Global Reset Waveform 
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Fast Function Block (FFB) External AC Characteristics 3 


Symbol 

Parameter 

XC7318-5 

XC7318-7 

Units 

Min 

Max 

Min 

Max 


tpD 

Fast input to output valid 4 


5.0 


7.5 

ns 

I/O or input to output valid 4 


8.5 


12.0 

ns 

tsu 

Fast input setup time before FCLK 

4.0 


5.0 


ns 

I/O or input setup time before FCLK 

7.0 


8.5 


ns 

t H 

Fast, I/O or input hold time after FCLK 

0 


0 


ns 

tco 

FCLK input to output valid 


4.0 


4.5 

ns 

VOE 

FOE input to output valid 


7.0 


7.5 

ns 

tFOD 

FOE input to output disable 


7.0 


7.5 

ns 

f MAX 

Max count frequency 4 

167.0 


125.0 


MHz 

^WLH 

Fast Clock pulse width 

3.0 


4.0 


ns 


Notes: 3. All appropriate ac specifications tested using Figure 7 as test load circuit. 
4. Assumes four product terms per output. 
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Figure 6. Switching Waveform 
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360 0 
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Figure 7. AC Load Circuit 
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Figure 8. XC7318 Timing Model 


Timing Model 

Timing within the XC7318 is accurately determined using 
external timing parameters from the device data sheet, 
using a variety of CAE simulators, or with the timing 
model shown in Figure 8. 


The timing model is based on the fixed internal delays of 
the XC7318 architecture which consists of three basic 
parts: I/O Blocks, the UIM and Fast Function Blocks. The 
timing model identifies the internal delay paths and their 
relationships to ac characteristics. Using this model and 
the ac characteristics, designers can easily calculate the 
timing information for the XC7318. 


Fast Function Block (FFB) Internal AC Characteristics 


Symbol 

Parameter 

XC7318-5 

XC7318-7 

Units 

Min 

Max 

Min 

Max 

Vlogi 

FFB logic array delay 5 


1.0 


1.5 

ns 

Vlogilp 

Low-power FFB logic array delay 5 


2.0 


3.5 

ns 

Vsui 

FFB register setup time 

2.5 


1.5 


ns 

Vhi 

FFB register hold time 

1.0 


2.5 


ns 


FFB register clock-to-output delay 


1.0 


1.0 

ns 


FFB register pass through delay 


0.5 


0.5 

ns 

E3EH 

FFB register async. set delay 


2.0 


2.0 

ns 


FFB p-term assignment delay 


0.6 


0.8 

ns 

Wd 

FFB feedback delay 


0.5 


4.0 

ns 


Notes: 5. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

Internal AC Characteristics 


Symbol 

Parameter 

XC7318-5 

XC7318-7 

Units 

Min 

Max 

Min 

Max 

t|N 

Input pad and buffer delay 


1.5 


2.5 

ns 

fFOUT 

FFB output buffer and pad delay 


2.0 


3.0 

ns 

*UIM 

Universal Interconnect Matrix delay 


3.5 


4.5 

ns 

tFCLKI 

Fast clock buffer delay 


1.5 


1.5 

ns 
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Ordering Information 


XC7318 - 5 PC 44 C 


Device Type —I 
Speed 




Temperature Range 

- Number of Pins 
Package Type 


Speed Options 

-7 7.5 ns pin-to-pin delay (commercial only) 

-5 5 ns pin-to-pin delay (commercial only) 

Packaging Options 

PC44 44-Pin Plastic Leaded Chip Carrier 
PQ44 44-Pin Plastic Quad Flat Pack 


Temperature Options 

C Commercial 0°C to 70°C 



Component Availability 


1 Pins 


1 44 

| 68 

1 84 

100 

144 

160 

225 | 


■ 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Plastic 

Windowed 



PLCC 

CLCC 

PQFP 

PLCC 

CLCC 

PLCC 

CLCC 

PQFP 

PGA 

PQFP 

BGA 

BGA 

PpjPH 

m 

PC44 

WC44 


PC68 


PC84 

WC84 

PQ100 






Q 

C 


C 


WHIP 









El 

c 


C 

_—......... 

—_—_j 









C = Commercial = 0° to +70°C X5649 
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XC7336 

36-Macrocell CMOS EPLD 


Product Specifications 


Features 

• Ultra high-performance EPLD 

- 5 ns pin-to-pin speed on all fast inputs 

- 167 MHz maximum clock frequency 

• New low power XC7336Q 

• 100% routable with 100% utilization 

• Incorporates four PAL-like 24V9 Fast Function Blocks 

• 36 Output Macrocells 

- Programmable I/O architecture 
-24 mA drive 

• High-performance pP compatible 

• Peripheral Component Interface (PCI) compatible 

• JEDEC standard 3.3 V or 5 V I/O operation 

• Multiple security bits for design protection 

• 44-pin leaded chip carrier and 44-pin quad flat pack 
packages 

General Description 

The XC7336 is a member of the Xilinx XC7300 EPLD fam¬ 
ily. It consists of four PAL-like 24V9 Fast Function Blocks 


interconnected by the 100%-populated Universal Intercon¬ 
nect Matrix (UIM™). 

Each Fast Function Block has 24 inputs and contains nine 
Macrocells configurable for registered or combinational 
logic. The nine Macrocell outputs feed back to the UIM and 
can simultaneously drive the output pads. 

The UIM allows 100% connectivity between all function 
blocks and input pins, providing the ability to utilize 100% of 
the device while eliminating routing issues. 

The XC7336 is designed in 0.8 p CMOS EPROM technol¬ 
ogy, in speed grades ranging from 5 to15 ns. The XC7336Q 
is also available now, providing lower power consumption in 
-10, -12 and -15 ns speed grades. 

Device logic is automatically configured to the user’s speci¬ 
fications using the XEPLD software. The XEPLD software 
is capable of optimizing and collapsing logic. The SMART- 
switch software/hardware feature allows implementation of 
buried combinatorial logic functions in the UIM, thus 
increasing device utilization. The XEPLD software supports 
third party schematic capture and HDL entry tools, as well 
as direct equation-based text files. Using a workstation or 
PC platform, designs are automatically mapped into the 
XC7336 in a matter of minutes. 
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Figure 1. XC7336 Functional Block Diagram 
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Fast Function Blocks (FFB) 

The XC7336 provides four Fast Function Blocks which 
have 24 inputs that can be individually selected from the 
(JIM, 12 fast input pins, or the 9 Macrocell feedbacks from 
the Function Block. The programmable AND array in each 
Fast Function Block generates 45 product terms to drive 
nine Macrocells in each FFB. Each Macrocell (Figure 2), 
can be configured for registered or combinatorial logic. 

Five product terms from the programmable AND array are 
allocated to each Macrocell. Four of these product terms 
are ORed together and may be optionally inverted before 
driving the input of a programmable D-type flip-flop. The 
fifth product term drives the asynchronous active-High 
programmable Reset or Set Input to the Macrocell flip- 
flop. The flip-flop can be configured as a D-type or Toggle 
flip-flop or transparent for combinatorial outputs. 

The programmable clock source is one of two global 
FastCLK signals (FCLKO or FCLK1) that are distributed 
with short delay and minimal skew over the entire chip. 

I/O Block 

The Fast Function Block Macrocells drive chip outputs 
directly through 3-state output buffers. Each output buffer 
can be individually controlled by one of two dedicated 
active-High Fast Output Enable inputs or permanently 


enabled or disabled. The Macrocell output can also be 
routed back as an input to the Fast Function Block, and 
the UIM. 

Power-On Characteristics/Master Reset 

The XC7336 device undergoes a short internal initializa¬ 
tion sequence upon device powerup. During this time (t RE _ 
set)* the outputs remain 3-stated while the device is 
configured from its internal EPROM array and all registers 
are initialized. If the MR pin is tied to V CCINT , the initializa¬ 
tion sequence is completely transparent to the user and is 
completed in t reset after v ccint has reached 4.75 V. If 
MR is held low while the device is powering up, the inter¬ 
nal initialization sequence begins and outputs will remain 
3-stated until the sequence is complete and MR is brought 
High. V cc rise must be monotonic to insure the initializa¬ 
tion sequence is performed correctly. 

For additional flexibility, the MR pin is provided so the 
EPLD can be reinitialized after power is applied. On the 
falling edge of MR, all outputs become 3-stated and the 
initialization sequence is started. The outputs will remain 
3-stated until the internal initialization sequence is com¬ 
plete and MR is brought High. The minimum MR pulse 
width is t WMR . If MR is brought High after t W M R , but 
before t RESET , the outputs will become active after t RESET . 



Figure 2. Fast Function Block and Macrocell Schematic 
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Product Term Assignment 

Each Macrocell sum-of-product OR gate can be ex¬ 
panded using the Export product-term assignment fea¬ 
ture. The Export function transfers product-terms in incre¬ 
ments of four from one Macrocell to the neighboring 
Macrocell (Figure 3). Complex logic functions requiring up 
to 36 product-terms can be implemented using all nine 
Macrocells within the Fast Function Block. When product- 
terms are assigned to adjacent Macrocells, the product- 
term normally dedicated to the Set or Reset function 
becomes the input to the Macrocell register. 

Universal Interconnect Matrix 

The UIM receives input from Macrocell outputs, I/O pins, 
and dedicated input pins. Acting as an unrestricted cross¬ 
bar switch, the UIM generates 24 output signals to each 


Fast Function Block. Each UIM input can be programmed 
to connect to any UIM output. The delay through the inter¬ 
connect matrix is constant. 

When multiple inputs are programmed to be connected to 
the same output, this output produces the logical AND of the 
input signals. By choosing the appropriate signal polarities 
at the input pins, Macrocell outputs and Fast Function Block 
AND-array inputs, this AND logic can also be used to imple¬ 
ment wide NAND, OR or NOR functions. This offers an addi¬ 
tional level of logic without additional speed penalty. 

3.3 V or 5 V Interface Configuration 

The XC7336 can be used in systems with two different 
supply voltages: 3.3 V and 5 V. Each XC7336 device has 
separate V cc connections to the internal logic (V CC int) and 
to the I/O pads (V CC | 0 ). V CC | NT must always be con¬ 
nected to a 5 V supply. V CC | 0 may be connected to either 
3.3 V or 5 V, depending on the output interface require¬ 
ment. 

When Vqqiq is connected to 5 V, the input thresholds are 
TTL levels, and thus compatible with 3.3 V and 5 V logic. 
The output High levels are also TTL compatible. When 
V C cio ls connected to 3.3 V, the input thresholds are still 
TTL levels, and the outputs pull up to the 3.3 V. This 
makes the XC7336 ideal for interfacing directly to 3.3 V 
components. In addition, the output structure is designed 
so that the I/O can also safely interface to a mixed 3.3 V 
and 5 V bus simultaneously. 

Low Power (Q) Devices 

The XC7336-10, -12 and -15 are available in a low power 
variant, designated the XC7336Q. 

Timing parameters for the XC7336 and the XC7336Q 
devices are identical. However, the XC7336Q features 
much lower power consumption. Using the XC7336Q will 
prove advantageous to any system design where power 
consumption and EM emissions are critical system 
parameters. 
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Power Management 

The XC7336 features a power-management scheme 
which permits non-speed-critical paths of a design to be 
operated at reduced power. Overall power dissipation is 
often reduced significantly, since, in most systems only a 
few paths are speed critical. 

Macrocells can individually be specified for high perfor¬ 
mance or low power operation by adding attributes to the 
logic schematic, or declaration statements to the behavioral 
description. To minimize power dissipation, unused Func¬ 
tion Blocks are turned off and unused Macrocells in used 
Function Blocks are configured for low power operation. 

Operating current for each design can be approximated for 
specific operating conditions using the following equation: 

For non-Q devices: 

lcc( m A) = MChp (4.3) + MC lp (3.5) + 

MC (0.005 mA/MHz) f 

For Q devices: (-10, -12, -15): 

Ice (nnA) = MC^p (2.0) + MClp 0*6) + 

MC (0.005 n A/M Hz) f 

Where: 

MC hp = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of Macrocells used 
f = Clock frequency (MHz) 

Figure 4 shows a typical power calculation for the XC7336 
device, programmed as two 16-bit counters and operating 
at the indicated clock frequency. 


Design Security 

The XC7336 has a multibit security system that controls 
access to the configuration programmed into the device. 
This security scheme uses multiple EPROM bits at vari¬ 
ous locations within the EPROM array to offer a higher 
degree of design security than other EPROM and fused- 
based devices. 

Prototyping and Programming 

Xilinx offers the HW-120 programmer for use during 
prototyping as well as support from major third party 
programmer companies. For production volumes, Xilinx and 
their licensed distributors offer factory programming of the 
XC7336 devices. 

For factory programming procedures, contact your local 
Xilinx representative. 

XEPLD Translator Software 

The designer can create, implement, and verify digital logic 
circuits for EPLD devices using the Xilinx XEPLD software. 
Designs can be represented as schematics consisting of 
XEPLD library components, as behavioral descriptions 
(Boolean, HDL etc.), or as a combination of both tech¬ 
niques. The XEPLD translator automatically optimizes, col¬ 
lapses, and implements the design as well as writing a 
programming file without user intervention. At the comple¬ 
tion of the compilation process, the XEPLD translator 
writes detailed report files for design analysis and docu¬ 
mentation. 



Figure 4. Typical \q C vs Frequency for XC7336 
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Here are just a few of the XEPLD Development System 
features: 

• Automatic Optimization and Mapping 

Designs are automatically minimized and mapped into 
the devices for optimal efficiency and high 
performance. Critical logic functions are automatially 
assigned to special resources such as high speed 
clocks and global output enable signals. This allows 
the user to concentrate on design functionality without 
concern for physical implementation 

• Automatic use of UiM Resources - SMARTswitch 
The Universal Interconnect Maticx (UIM) used in Xilinx 
EPLDs provides an additional level of logic at no 
additional delay. XEPLD automatically uses the 
inherent logic capability of the UIM when possible to 
reduce Macrocell requirements and increase speed. 


• N-to-1 PAL Conversion Utility 

XEPLD automatically combines 20- and 24-pin 
standard PAL files into one top-level design file, 
checks for errors, and compiles the design into one or 
more EPLDs. The N-to-1 PAL converter is ideal for 
one step logic consolidation and board space 
reduction. 

• Complete Design Control 

Users have the option to override the automatic 
features of XEPLD and selectively control any or all 
device resources. 

• Multiple Platform Support 

XEPLD runs on IBM Compatible PCs, Sun, HP700, 
and IBM RS6000 platforms. 


Notice: The information contained in this data sheet pertains to products in the initial production phases of development. 
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest 
data sheet before finalizing a design. 

Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 

v cc 

Supply voltage with respect to GND 

-0.5 to 7.0 

V 

V,N 

DC Input voltage with respect to GND 

-0.5 to Vqq +0.5 

V 

Vts 

Voltage applied to 3-state output with respect to GND 

-0.5 to V cc +0.5 

V 

t stg 

Storage temperature 

-65 to +150 

°c 

t sol 

Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) 

+250 

°c 


Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. 
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those listed 
under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for 
extended periods of time may affect device reliability. 

Recommended Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

Vccint/ 

V CCIO 

Supply voltage relative to GND Commercial T A = 0°C to 70°C 

4.75 

5.25 

V 

Supply voltage relative to GND Industrial T A = -40°C to 85°C 

4.50 

5.50 

V 

Supply voltage relative to GND Military T A =-55°C to T c =+125°C 

4.50 

5.50 

V 

V CCIO 

I/O supply voltage relative to GND 

3.0 

3.60 

V 

V|L 

Low-level input voltage 

0 

0.80 

V 

V|H 

High-level input voltage 

2.00 

Vqc + 0-5 

V 

v 0 

Output voltage 

0 

Vecio 

V 

Tin 

Input signal transition time 


50 

ns 
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DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 


Test Conditions 

Min 


Units 

VOH 

5 V TTL High-level output voltage 


Iqh = -4.0 mA 1 

Vqc = Min 

H 

■ 

V 

3.3 V High-level output voltage 


Iqh = "3*2 mA 

Vqc = Min 

□ 

■ 

D 

VOL 

5 V TTL Low-level output voltage 


Iql = 24 mA 

V cc = Min 

■ 


D 

3.3 V Low-level output voltage 


Iql = 24 mA 

V cc = Min 

■ 


D 

■lL 

Input leakage current 


V C C = Max 

V|N = or ^CCIO 

■ 

±10.0 

pA 

■oz 

Output high-Z leakage current 


V cc = Max 

Vjn = GND or Vqqjq 

■ 

±10.0 

pA 

C IN 

Input capacitance for Input and I/O pins 


V, N = GND 
f«1.0 MHz 

■ 


pF 

C IN 

Input capacitance for global control pins 
(FCLKO, FCLK1, FOEO, FOE1) 


V, N = GND 
f = 1.0 MHz 


8.0 

PF 

CoUT 1 

Output capacitance 

1 

V, N = GND 
f * 1.0 MHz 


10.0 

PF 

•cc 2 

Supply current 

(Non-Q) 

V|N = V CC or GND 

V CCOUT = V CCCO= 5V 
f = 1.0 MHz @ 25°C 

126 Typ 

mA 

(Q) 

55 Typ 


iPreiimiiiary 


Power-up/Reset Timing Parameters 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

*WMR 

Master Reset input Low pulse width 

100 



ns 

Preset 

Configuration completion time 


80 

160 

ps 


Notes: 1. Sample tested. 

2. Measured with device programmed as two 16-bit counters. 


MR 


Output 


— s 

- l WMR-► 

v y 

t - 

--tp 

i 



YYN HiZ ' 

X5349 

AA? 


Figure 5. Global Reset Waveform 
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Fai 

st Function Block (FFB) External AC Characteristics 3 


Oil 



XC7336-5 

XC7336-7 

XC7336-10 

XC7336-12 

XC7: 

336-15 

byi 



Min Max 

Min Max 

Min Max 

Min Max 

Min 

Max 

ES 


Fast input to output valid 4 

5.0 

7.5 

10.0 

i _ um _ 

15.0 


I/O or input to output valid 


Fast input setup time before FOLK 
I/O or input setup time before FOLK 


Fast, I/O or input hold time after FOLK 
FOLK input to output valid 


FOE input to output valid 


FOE input to output disable 
Max count frequency 4 
Fast Clock pulse width 




j nsza j 


j I2Q3 1 


Notes: 3. All appropriate ac specifications tested using Figure 7 as test load circuit. 
4. Assumes four product terms per output. 


>»»»»>:: 


fjrm 




Figure 6. Switching Waveforms 


Device Output 


Device Input 
Rise and Fall 
Times < 3ns 




Figure 7. AC Load Circuit 
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FAST 

INPUT 

1 , 1/0 


FOLK 



Figure 8. XC7336 Timing Model 


Timing Model 

Timing within the XC7336 is accurately determined using 
external timing parameters from the device data sheet, 
using a variety of CAE simulators, or with the timing 
model shown in Figure 8. 


The timing model is based on the fixed internal delays of 
the XC7336 architecture which consists of three basic 
parts: I/O Blocks, the UIM and Fast Function Blocks. The 
timing model identifies the internal delay paths and their 
relationships to ac characteristics. Using this model and 
the ac characteristics, designers can easily calculate the 
timing information for the XC7336. 


i 


Fast Function Block (FFB) Internal AC Characteristics 


Symbol 

Parameter 

XC7336-5 

XC7336-7 

XC7336-10 

XC7336-12 

XC7336-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

l FLOGI 

FFB logic array delay 5 


1.0 


1.5 


1.5 


2.0 


2.0 

ns 

tFLOGILP 

Low-power FFB logic array delay 5 


2.0 


3.5 


5.5 


7.0 


8.0 

ns 

l FSUI 

FFB register setup time 

2.5 


1.5 


2.5 


3.0 


4.0 


ns 

fFHI 

FFB register hold time 

1.0 


2.5 


2.5 


3.0 


3.0 


ns 

^COI 

FFB register clock-to-output delay 


1.0 


1.0 


1.0 


1.0 


1.0 

ns 

fFPDI 

FFB register pass through delay 


0.5 


0.5 


0.5 


1.0 


1.0 

ns 

Vaoi 

FFB register async. set delay 


2.0 


2.0 


2.5 


3.0 


4.0 

ns 

fpTXI 

FFB p-term assignment delay 


0.6 


0.8 


1.0 


1.2 


1.5 

ns 

Wd 

FFB feedback delay 


0.5 


4.0 


5.0 


6.5 


8.0 

ns 


Notes: 5. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 


Internal AC Characteristics 


Symbol 

Parameter 

XC7336-5 

XC7336-7 

XC7336-10 

XC7336-12 

XC7336-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

f|N 

Input pad and buffer delay 


1.5 


2.5 


3.5 


4.0 


5.0 

ns 

fFOUT 

FFB output buffer and pad delay 


2.0 


3.0 


4.5 


5.0 


7.0 

ns 

fuiM 

Universal Interconnect Matrix delay 


3.5 


4.5 


5.0 


7.0 


8.0 

ns 

fFCLKI 

Fast clock buffer delay 


1.5 


1.5 


2.5 


3.0 


4.0 

ns 
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XC7336 CMOS EPLD 


Synchronous Clock Switching Characteristics 



XC7336 Pinouts 


PQ44 

PC44 

Input XC7336 Output 

39 

1 

l/FO/FI MR MC3-6 

40 

2 

l/FO/FI MC3-5 

41 

3 

l/FO/FI MC3-4 

42 

4 

l/FO/FI MC3-3 

43 

5 

FO/FCLKO MC3-2 

44 

6 

FO/FCLK1 MC3-1 

1 

7 

l/FO/FI MC1-1 

2 

8 

l/FO MCI-2 

3 

9 

l/FO MCI-3 

4 

10 

GND 

5 

11 

l/FO MCI-4 

6 

12 

l/FO MCI-5 

7 

13 

l/FO MCI-6 

8 

14 

l/FO MCI-7 

9 

15 

l/FO MCI -8 

10 

16 

l/FO MCI-9 

11 

17 

l/FO MC4-9 

12 

18 

l/FO/FI MC4-8 

13 

19 

l/FO/FI MC4-7 

14 

20 

l/FO/FI MC4-6 

15 

21 

V CCINT 

16 

22 

l/FO MC4-5 


PQ44 

PC44 

Input XC7336 Output 

17 

23 

GND 

18 

24 

l/FO MC4-4 

19 

25 

l/FO MC4-3 

20 

26 

l/FO MC4-2 

21 

27 

l/FO MC4-1 

22 

28 

l/FI 

23 

29 

l/FO MC2-9 

24 

30 

l/FO MC2-8 

25 

31 

GND 

26 

32 

V CCIO 

27 

33 

l/FO MC2-7 

28 

34 

l/FO MC2-6 

29 

35 

l/FO MC2-5 

30 

36 

l/FO MC2-4 

31 

37 

l/FO MC2-3 

32 

38 

l/FO MC2-2 

33 

39 

FO/FOE1 MC2-1 

34 

40 

FO/FOEO MC3-9 

35 

41 

VcCINT/Vpp 

36 

42 

l/FI 

37 

43 

l/FO/FI MC3-8 

38 

44 

l/FO/FI MC3-7 
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Ordering Information 


XC7336 -5 PC 44 C 


Device Type —1 

Power Option - 

Speed - 


I-Temperature Range 

- Number of Pins 


Package Type 


Power Options 

Q Low Power -10, -12, -15 speeds 

Speed Options 

-15 15 ns pin-to-pin delay 

-12 12 ns pin-to-pin delay 

-10 10 ns pin-to-pin delay 

-7 7.5 ns pin-to-pin delay (commercial only) 

-5 5 ns pin-to-pin delay (commercial only) 

Packaging Options 

PC44 44-Pin Plastic Leaded Chip Carrier 

WC44 44-Pin Windowed Ceramic Leaded Chip Carrier 

PQ44 44-Pin Plastic Quad Flat Pack 

Temperature Options 

C Commercial 0°C to70°C 

I Industrial -40°C to 85°C 



Component Availability 


Pins 

44 

68 

84 

100 

144 

160 

225 

Type 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Plastic 

Windowed 


PLCC 

CLCC 

PQFP 

PLCC 

CLCC 

PLCC 

CLCC 

PQFP 

PGA 

PQFP 

BGA 

BGA 

Code 

PC44 

WC44 

PQ44 

PC68 

WC68 

PC84 

WC84 

PQ100 

PG144 

PQ160 

BG225 

WB225 


MEM 

Cl 

C 










I 

mm 

Cl 

C 










aw 

Cl 

Cl 

C 










■fin 

C 

C 

C 











c 

C 

C 











C = Commercial = 0° to +70°C I = Industrial = -40° to 85°C xseso 
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XC7354 

54-Macrocell CMOS EPLD 


Product Specifications 


Features 

• High-Performance EPLD 

- 7.5 ns pin-to-pin speed on all fast inputs 

- 125 MHz maximum clock frequency 

• Advanced Dual-Block architecture 

- Two Fast Function Blocks 

- Four High-Density Function Blocks 

• 100% interconnect matrix 

• High-Speed arithmetic carry network 

- 1 ns ripple-carry delay per bit 

- 61 MHz 18-bit accumulators 

• 54 Macrocells with programmable I/O architecture 

• Up to 54 inputs programmable as direct, latched, or 
registered 

• 18 outputs with 24 mA drive 

• 3.3 V or 5 V I/O operation 

• Meets JEDEC Standard (8-1 A) for 3.3 V ±0.3 V 

• Power management options 

• Multiple security bits for design protection 

• 44- and 68-pin leaded chip carrier package 

• 100% PCI compliant 

General Description 

The XC7354 is a member of the Xilinx Dual-Block EPLD 
family. It consists of two Fast Function Blocks and four 
High-Density Function Blocks interconnected by a central 
Universal Interconnect Matrix (UIM). 

The six Function Blocks in the XC7354 (Figure 1) are PAL- 
like structures, complete with programmable product term 
arrays and programmable multilevel Macrocells. Each 
Function Block receives 24 inputs, contains nine Macro¬ 
cells configurable for registered or combinatorial logic and 
produces nine outputs which feedback to the UIM. 


The Universal Interconnect Matrix connects the Function 
Blocks to each other and to all input pins, providing 100% 
connectivity between the Function Blocks. This allows 
logic functions to be mapped into the Function Blocks and 
interconnected without routing restrictions. 

The XC7354 device is designed in 0.8 \i CMOS EPROM 
technology. 

Xilinx development software (XEPLD) supports all mem¬ 
bers of XC7300 family. The designer can create, imple¬ 
ment, and verify digital logic circuits for EPLD devices 
using the Xilinx XEPLD Development System. Designs can 
be represented as schematics consisting of XEPLD library 
components, as behavioral descriptions, or as a mixture of 
both. The XEPLD translator automatically performs logic 
optimization, collapsing, mapping and routing without user 
intervention. After compiling the design, XEPLD translator 
produces documentation for design analysis and creates a 
programming file to configure the device. 

The following lists some of the XEPLD Development Sys¬ 
tem features. 

• Familiar design approach similar to TTL and PLD 
techniques 

• Converts netlist to fuse map in minutes using a 386/ 
486 PC or workstation platform 

• Interfaces to standard third-party CAE schematics, 
simulation tools, and behavioral languages 

• Timing simulation using Viewsim, OrCAD VST, Mentor, 
LMC and other tools compatible with the Xilinx Netlist 
Format (XNF) 

The XC7354 device is available in plastic and ceramic 
leaded chip carriers. Package options include both win¬ 
dowed ceramic for design prototypes and one-time pro¬ 
grammable plastic versions for cost-effective production 
volume. 
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PC44 PC68 

I I 


PC68 PC44 


43 

67 

42 

65 ' 

28 

43 [ 


— 

4 

8 

12 

9 

13 

11 

15 

12 

17 

13 

19 

14 

21 

15 

22 

16 

23 


18 27 

l/O/FI 

u 


— 

‘- 

■= 

C6-1 


19 28 

l/Q/FI 

u 




MC6-2 


5 8 

O/FCLKO 





MC6-3 


6 9 

O/FCLKI 

* 




MC6-4 

1 

— 10 

0/FCLK2 

* 




MC6-5 

S 

20 29 

l/O/FI 

21 




MC6-6 

D 

2 

— 6 

l/O/FI 

_^ 

I 

_.. 

MC6-7 


— 24 

l/O/FI 


I 


MC6-8 


— 26 

l/O/FI 

-~7~: 

“ 

“— 

MC6-9 








1 

] 

_ 

FB5 

— 32 

I/O 




MC5-1 


— 33 

I/O 

_ J\ 



MC5-2 


— 35 

I/O 




MC5-3 

> 

— 37 

I/O 




MC5-4 

£ 

— 16 

I/O 




MC5-5 

5 

— 18 

I/O 




MC5-6 

Q 

17 25 

l/O/FI 


I 

__ 

MC5-7 

< 

22 31 

l/O/FI 

_ tU 

I 

H 7 

MC5-8 


24 36 

l/O/FI 


— 

MC5-9 




IT 

j 

" 

MCM 

AND ARRAY 

I 



f 

MCI -2 

1 



r 

MCI-3 

2 




MC1-4 

Z 



’ 

MC1-S 

2 



7 

MC1-6 

2 



' 

MCI-7 

2 



7 

MCI-8 

_ 

_ > 


7 

MC1-9 




E 






ip 


UIM 



MC2-9 


MC2-8 

> 

MC2-7 


MC2-6 

5 

MC2-5 

o 

MC2-4 

MC2-3 


MC2-2 


MC2-1 


Carry 




Figure 1. XC7354 Functional Block Diagram 
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3 

3 
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4 
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7 
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29 
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30 
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33 

' 52 

34 

' 55 

35 

' 56 

36 

' 57 

37 

" 58 

38 

J 66 

— 


1 47 

— 

" 45 

— 

" 44 

— 

" 64 

— 

' 62 

40 

' 61 

— 

J 60 

39 

142 

27 

40 

26 

~ 39 

25 
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Power Management 

The XC7354 features a power-management scheme 
which permits non-speed-critical paths of a design to be 
operated at reduced power. Overall power dissipation is 
often reduced significantly, since, in most systems only a 
few paths are speed critical. 

Macrocells can individually be specified for high perfor¬ 
mance or low power operation by adding attributes to the 
logic schematic, or declaration statements to the behavioral 
description. To minimize power dissipation, unused Func¬ 
tion Blocks are turned off and unused Macrocells in used 
Function Blocks are configured for low power operation. 

Operating current for each design can be approximated 
for specific operating conditions using the following equa¬ 
tion: 

Ice (mA) = MC HP (3.0) + MC[_p (2.6) + 

MC (0.006 mA/M Hz) f 

Where: 



Figure 2. Typical lc C vs Frequency for XC7354 


MC H p = Macrocells in high-performance mode 

MC lp = Macrocells in low-power mode 

MC = Total number of Macrocells used 

f = Clock frequency (MHz) 

Figure 2 shows a typical power calculation for the 
XC7354 device, programmed as three 16-bit counters 
and operating at the indicated clock frequency. 
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Notice: The information contained in this data sheet pertains to products in the initial production phases of development. 
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest 
data sheet before finalizing a design. 

Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 

< 

o 

o 

Supply voltage with respect to GND 

-0.5 to 7.0 

V 

V|N 

DC Input voltage with respect to GND 

-0.5 to V cc +0.5 

V 

Vrs 

Voltage applied to 3-state output with respect to GND 

-0.5 to V cc +0.5 

V 

t stg 

Storage temperature 

-65 to+150 

°C 

Tsol 

Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) 

+260 

°C 


Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond 
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings condi¬ 
tions for extended periods of time may affect device reliability. 


Recommended Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

< < 
o o 
o o 

° 1 

Supply voltage relative to GND Commercial T A = 0°C to 70°C 



mm 

Supply voltage relative to GND Industrial T A = -40°C to 85°C 

mm 

5.5 

mm 

Supply voltage relative to GND Military T A = -55°C to T c +125°C 

mm 

5.5 

mm 

V CCIO 

I/O supply voltage relative to GND 


3.6 

V 

VlL 

Low-level input voltage 

0 

0.8 

V 

V|H 

High-level input voltage 

2.0 

Vcc +0*5 

V 

Vo 

Output voltage 

0 

V CCIO 

mm 

Tin 

Input signal transition time 


50 

ns 
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DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

V OH 

5 V TTL High-level output voltage 

Iqh = -4.0 mA 

V cc = Min 

2.4 


V 

3.3 V High-level output voltage 

Iqh = -3.2 mA 

Vcc = Min 

2.4 


V 

VOL 

5 V Low-level output voltage 

l 0L = 24 mA (FO) 
l 0L = 12 mA (I/O) 

Vcc = Min 


0.5 

V 

3.3 V Low-level output voltage 

l OL = 10 mA (I/O) 

V C c = Min 


0.4 

m 


Input leakage current 

V C c = Max 

V|n = GND or V C cio 


±10.0 


*oz 

Output high-Z leakage current 

V C c = Max 

Vq = GND or Vccio 


±10.0 

jiA 


Input capacitance for Input and I/O pins 

V, N = GND 
f = 1.0 MHz 


8.0 

PF 

C IN 

Input capacitance for global control pins 
(FCLKO, FCLK1, FCLK2, FOEO, FOE1) 

V, N = GND 
f = 1.0 MHz 


12.0 

PF 

CoUT 1 

Output capacitance 

V 0 = GND 
f= 1.0 MHz 


20.0 

PF 

•cci 2 

Supply Current (low power mode) 

V| N = V CC or GND 

Vccint = v ccio = 5 v 
f * 1.0 MHz @ 25°C 

140 Typ 

mA 


Notes: 1. Sample tested 

2. Measured with device programmed as three 16-bit counters 

Power-up/Reset Timing Parameters 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

*WMR 

Master Reset input Low pulse width 

100 



ns 

Preset 

Configuration completion time 


80 

160 

ps 
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Fast Function Block (FFB) External AC Characteristics 3 


Symbol 

Parameter 

XC7354-7 
(Com only) 



XC7354-15 


Min 

Max 


Max 



Min 

Max 

f CF 

Max count frequency 1f 2 

mm 


100.0 


80.0 


66.7 



BUS 

Fast input setup time before FCLK T 1 





6.0 




ns 

jgjBi 

Fast input hold time after FCLK t 

0 


0 


0 


0 


ns 

KS99 

FCLK t to output valid 


5.5 


8.0 


9.0 



ns 

urn 

Fast input to output valid 1§ 2 




EH 


12.0 



ns 

tpDFU 





KIJ 





ns 





5.0 






ns 


High-Density Function Block (FB) External AC Characteristics 



Parameter 

XC7354-7 

(Com only) 

XC7354-10 

(Com/lnd only) 

XC7354-12 

XC7354-15 

Units 



Hill 






«c 

Max count frequency 1,2 



HHE 


| I 





tu 

I/O setup time before FCLK T ^ 2 







I 



«H 

I/O hold time after FCLK t 

0 


0 


0 


0 


ns 

to 

FCLK T to output valid 








15.0 

ns 

USM 

I/O setup time before p-term clock T 2 









1^1 

Emm 

I/O hold time after p-term clock t 

0 




mm 


0 



KS99B 

P-term clock T to output valid 


wm 


m3 





ns 

l PD 



EH 


EH 




Egg 

ns 

tw 

Fast clock pulse width 

4.0 


5.0 


5.5 


6.0 


ns 

*PCW 

P-term clock pulse width 

5.0 


6.0 


7.5 


8.5 


ns 


Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to additional 
logic delay of tpLOQitp - t FL0 Gi or t logilp “ ^logi- 

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

3. All appropriate AC specifications tested using Figure 3 as the test load circuit. 
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KXILINX 


Fast Function Block (FFB) Internal AC Characteristics 


Symbol 

Parameter 

XC7354-7 

(Com only) 

XC7354-10 

(Com/lnd only) 

XC7354-12 

XC7354-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

VlOGI 

FFB logic array delay 2 


1.5 


1.5 


2.0 


2.0 

ns 

Vlogilp 

Low-power FFB logic array delay 2 


3.5 


5.5 


7.0 


8.0 

ns 

Vsui 

FFB register setup time 

1.5 


2.5 


3.0 


4.0 


ns 

VhI 

FFB register hold time 

2.5 


2.5 


3.0 


3.0 


ns 

Vcoi 

FFB register clock-to-output delay 


1.0 


1.0 


1.0 


1.0 

ns 

VPDI 

FFB register pass through delay 


0.5 


0.5 


1.0 


1.0 

ns 


FFB register async. set delay 











FFB p-term assignment delay 











FFB feedback delay 
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High-Density Function Block (FB) Internal AC Characteristics 




Parameter 

XC7354-7 
(Com only) 

XC7354-10 
(Com/lnd only) 

XC7354-12 

XC7354-15 

Units 









VoGI 

FB logic array delay 2 


3.5 


3.5 


4.0 


5.0 

ns 

VoGILP 

Low power FB logic delay 2 


7.0 


7.5 


9.0 


11.0 

ns 

tsui 

FB register setup time 

1.5 


2.5 


3.0 


4.0 


ns 

*HI 

FB register hold time 

3.5 


3.5 


4.0 


5.0 


ns 

*001 

FB register clock-to-output delay 


1.0 


1.0 


1.0 


1.0 

ns 

tpDI 

FB register pass through delay 


1.5 


2.5 


4.0 


4.0 

ns 

Voi 

FB register async. set/reset delay 


2.5 


3.0 


4.0 


5.0 

ns 

*RA 

Set/reset recovery time before FCLK t 

13.5 


16.0 


18.0 


21.0 


ns 

Via 

Set/reset hold time after FCLK T 

0 


0 


0 


0 


ns 

tpRA 

Set/reset recovery time before p-term 
clock T 

7.5 


10.0 


12.0 


15.0 


ns 

VlHA 

Set/reset hold time after p-term clock T 

5.0 


6.0 


8.0 


9.0 


ns 

Vci 

FB p-term clock delay 


1.0 


0 


0 


0 

ns 

k>E\ 

FB p-term output enable delay 


3.0 


4.0 


5.0 


7.0 

ns 

tCARY8 

ALU carry delay within 1 FB 4 


5.0 


6.0 


8.0 


12.0 

ns 

tCARYFB 

Carry lookahead delay per additional 
Functional Block 4 


1.0 


1.5 


2.0 


3.0 

ns 


Notes: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

4. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with 
registered outputs. 
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XC7354 CMOS EPLD 


I/O Block External AC Characteristics 



Parameter 



XC7354-12 

XC7354-15 



Max 


Max 


Max 

Min 

Max 

f|N 


95.2 



■ 



[jfl| 



feuiN 

Input register/latch setup time before FCLK T 

4.0 




E3 


mm 



Ihin 

Input register/latch hold time after FCLK t 

0 


0 


mm 


0 



tcOIN 

FCLK t to input register/latch output 






4.0 


5.0 

ns 

tCESUIN 

Clock enable setup time before FCLK T 







103 


ns 

tCEHIN 

Clock enable hold time after FCLK t 

0 


mm 


0 


MM 


Mm 

feWHIN 

FCLK pulse width high time 









mm 

tewLIN 

FCLK pulse width low time 

4.0 


5.0 


5.5 


6.0 


ns 


Internal AC Characteristics 


Symbol 

Parameter 

XC7354-7 
(Com only) 

XC7354-10 

(Com/lnd only) 

XC7354-12 

XC7354-15 


Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

t|N 

Input pad and buffer delay 


2.5 


3.5 


4.0 


5.0 


VOUT 

FFB output buffer and pad delay 


3.0 


4.5 


5.0 




buT 

FB output buffer and pad delay 


■a 




HQ 


EH 



Universal Interconnect Matrix delay 


KB 








{ FOE 

FOE input to output valid 






12.0 



ns 

^FOD 

FOE input to output disable 


7.5 


10.0 


12.0 


15.0 

ns 

VCLKI 

Fast clock buffer delay 


1.5 


2.5 


3.0 


4.0 

ns 


Note: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 



Output Type 

v CClO 

V TEST 

R 1 

r 2 

C L 

FO 

5.0 V 

5.0 V 

160 Q 

120 0 

35 pF 

3.3 V 

3.3 V 

260 n 

360 Q 

35 pF 


X3491 


Figure 3. AC Load Circuit 
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XC7354 CMOS EPLD 


XC7354 Pinouts 


PC68 

PC44 

Input XC7354 Output 

1 

1 

l/FI/MR 

2 

2 

l/FI 

3 

3 

l/FI 

4 

- 

l/FO MC1-1 

5 

4 

l/FI 

6 

- 


7 

- 

GND | 

8 

5 


9 

6 

O/FCLKI MC6-4 | 

10 

- 


11 

7 

l/FI 

12 

8 

l/FO MCI-2 

13 

9 

l/FO MCI-3 

14 

10 

GND 

15 

11 

l/FO MCI-4 

16 

- 

I/O MC5-5 

17 

12 

l/FO MCI-5 

18 

- 

I/O MC5-6 

19 

13 

l/FO MCI-6 

20 

- 

V CCIO 

21 

14 

l/FO MCI-7 

22 

15 


23 

16 

l/FO MCI-9 

24 

- 

l/O/FI MC6-8 

25 

17 

l/O/FI MC5-7 

26 

- 

l/O/FI MC6-9 

27 

18 

l/O/FI MC6-1 

28 

19 

l/O/FI MC6-2 

29 

20 

l/O/FI MC6-6 

30 

21 

V CCINT 

31 

22 

l/O/FI MC5-8 

32 

- 

I/O MC5-1 

33 

- 

I/O MC5-2 

34 

23 

GND 


PC68 

PC44 


35 

- 

I/O MC5-3 | 

36 

24 


37 

- 

I/O MC5-4 

38 

- 

I/O MC4-1 

39 

25 

l/O/FI MC4-7 

40 

26 

l/O/FI MC4-8 

41 

- 

GND 

42 

27 

l/O/FI MC4-9 

43 

28 

l/FI 

44 

- 

l/O/FI MC3-7 

45 

- 

l/O/FI MC3-8 

46 

29 

l/FO MC2-9 

47 

- 

l/O/FI MC3-9 

48 

30 

l/FO MC2-8 

49 

31 

GND 

50 

32 

V CCIO 

51 

33 

l/FO MC2-7 

52 

34 

l/FO MC2-6 

53 

- 

I/O MC4-2 

54 

- 

I/O MC4-3 

55 

35 

l/FO MC2-5 

56 

36 

l/FO MC2-4 

57 

37 

l/FO MC2-3 

58 

38 

l/FO MC2-2 

59 

- 

V CCINT 

60 

39 

O/CKENO MC3-3 

61 

- 

O/CKENI MC3-4 

62 

40 

O/FOEO MC3-5 

63 

41 

Vccint/Vpp 

64 

- 

O/FOEI MC3-6 

65 

42 

l/FI 

66 

- 

l/FO MC2-1 

67 

43 

l/FI 

68 

44 

l/FI 
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XC7354 CMOS EPLD 


For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 2-1 
through 2-10. 

For a detailed description of the device timing, see pages 2-8, 2-9 and 2-40 through 2-42. 

For package physical dimensions and thermal data, see Section 4. 


Ordering Information 


XC7354 - 7 PC 68 C 



-15 15 ns pin-to-pin delay 

-12 12 ns pin-to-pin delay 

-10 10 ns pin-to-pin delay (commerial and industrial only) 

-7 7.5 ns pin-to-pin delay (commercial only) 

Packaging Options 

PC44 44-Pin Plastic Leaded Chip Carrier 

WC44 44-Pin Windowed Ceramic Leaded Chip Carrier 

PC68 68-Pin Plastic Leaded Chip Carrier 

WC68 68-Pin Windowed Ceramic Leaded Chip Carrier 

Temperature Options 

C Commercial 0°C to 70°C 

I Industrial -40°C to 85°C 

M Military -55°C (Ambient) to 125°C (Case) 


Component Availability 


Pins 

44 

68 

84 

100 

144 

160 

225 

Type 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Plastic 

Windowed 


PLCC 

CLCC 

PQFP 

PLCC 

CLCC 

PLCC 

CLCC 

PQFP 

PGA 

PQFP 

BGA 

BGA 

Code 

PC44 

WC44 

PQ44 

PC68 

WC68 

PC84 

WC84 

PQ100 

PG144 

PQ160 

BG225 

WB225 

-15 

Cl 

Cl 


Cl 

CIM 








XC7354 '] 2 
-10 

Cl 

Cl 


Cl 

CIM 








Cl 

Cl 


Cl 

Cl 








-7 

C 

C 


c 

c 









C = Commercial = 0° to +70°C I = Industrial = -40° to 85°C X5651 
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£ XILINX 


XC7372 

72-Macrocell CMOS EPLD 


Product Specifications 


Features 

• High-Performance EPLD 

- 7.5 ns pin-to-pin speed on all fast inputs 

- 125 MHz maximum clock frequency 

• Advanced Dual-Block architecture 

- Two Fast Function Blocks 

- Six High-Density Function Blocks 

• 100% interconnect matrix 

• High-Speed arithmetic carry network 

- 1 ns ripple-carry delay per bit 

- 61 MHz 18-bit accumulators 

• 72 Macrocells with programmable I/O architecture 

• Up to 84 inputs programmable as direct, latched, or 
registered 

• 18 outputs with 24 mA drive 

• 3.3 V or 5 V I/O operation 

• Meets JEDEC Standard (8-1 A) for 3.3 V ±0.3 V 

• Power management options 

• Multiple security bits for design protection 

• 68-, 84-pin leaded chip carrier and 100-pin plastic quad 
flat pack 

• 100% PCI compliant 

General Description 

The XC7372 is a member of the Xilinx Dual-Block EPLD 
family. It consists of two Fast Function Blocks and six 
High-Density Function Blocks interconnected by a central 
Universal Interconnect Matrix (UIM). 

The eight Function Blocks in the XC7372 (Figure 1) are 
PAL-like structures, complete with programmable product 
term arrays and programmable multilevel Macrocells. 
Each Function Block receives 24 inputs, contains nine 
Macrocells configurable for registered or combinatorial 
logic and produces nine outputs which feedback to the 
UIM. 

The Universal Interconnect Matrix connects the Function 
Blocks to each other and to all input pins, providing 100% 


connectivity between the Function Blocks. This allows 
logic functions to be mapped into the Function Blocks and 
interconnected without routing restrictions. 

The XC7372 device is designed in 0.8p CMOS EPROM 
technology. 

In addition, the XC7372 includes a programmable power 
management feature to specify high-performance or low- 
power operation on an individual Macrocell-by-Macrocell 
basis. Unused Macrocells are automatically turned off to 
minimize power dissipation. Designers can operate 
speed-critical paths at maximum performance, while non- 
critical paths dissipate less power. 

Xilinx development software (XEPLD) supports all mem¬ 
bers of the XC7300 family. The designer can create, 
implement, and verify digital logic circuits for EPLD 
devices using the Xilinx XEPLD Development System. 
Designs can be represented as schematics consisting of 
XEPLD library components, as behavioral descriptions, 
or as a mixture of both. The XEPLD translator automati¬ 
cally performs logic optimization, collapsing, mapping and 
routing without user intervention. After compiling the 
design, XEPLD translator produces documentation for 
design analysis and creates a programming file to config¬ 
ure the device. 

The following lists some of the XEPLD Development Sys¬ 
tem features. 

• Familiar design approach similar to TTL and PLD 
techniques 

• Converts netlist to fuse map in minutes using a 386/ 
486 PC or workstation platform 

• Interfaces to standard third-party CAE schematics, 
simulation tools, and behavioral languages 

• Timing simulation using Viewsim, OrCAD VST, Mentor, 
LMC and other tools compatible with the Xilinx Netlist 
Format (XNF) 

The XC7372 device is available in plastic and ceramic 
leaded chip carriers and plastic quad flat packs. Package 
options include both windowed ceramic for design proto¬ 
types and one-time programmable plastic versions for 
cost-effective production volume. 
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XC7372 CMOS EPLD 
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1 

PC84 

1 

PQ100 

1 

68 

84 

14 

l/FI 

67 

83 

13 

l/FI 

66 

82 

12 

l/FI 

65 

81 

11 

l/FI 

64 

80 
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l/FI 

— 
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8 

l/FI 


— 
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36 

— 

— 
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8 

9 
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10 

25 

10 
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— 
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36 

57 

29 

37 

58 

31 

39 

60 

32 

40 

62 

33 
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63 

35 

43 
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— 

— 

26 

FO 
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11 

13 

30 

FO 


r 

MCI-2 


12 

14 

31 
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MCI-3 
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13 

15 
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FO 
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15 

17 

34 

FO 
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39 
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Figure 1. XC7372 Functional Block Diagram 
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£xilinx 


Power Management 

The XC7372 features a power-management scheme 
which permits non-speed-critical paths of a design to be 
operated at reduced power. Overall power dissipation is 
often reduced significantly, since, in most systems only a 
few paths are speed critical. 

Macrocells can individually be specified for high perfor¬ 
mance or low power operation by adding attributes to the 
logic schematic, or declaration statements to the behavioral 
description. To minimize power dissipation, unused Func¬ 
tion Blocks are turned off and unused Macrocells in used 
Function Blocks are configured for low power operation. 

Operating current for each design can be approximated for 
specific operating conditions using the following equation: 

l cc (mA) = MC hp (3.1) + MC lp (2.6) + 

MC (0.012 mA/MHz) f 

Where: 



Clock Frequency (MHz) 
Figure 2. Typical l cc vs Frequency for XC7372 


MC hp = Macrocells in high-performance mode 

MC lp = Macrocells in low-power mode 

MC = Total number of Macrocells used 

f = Clock frequency (MHz) 

Figure 2 shows typical power calculation for the XC7372 
programmed as four 16-bit counters and operating at the 
indicated clock frequency. 
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XC7372 CMOS EPLD 


Notice: The information contained in this data sheet pertains to products in the initial production phases of development. 
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest 
data sheet before finalizing a design. 

Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 


Supply voltage with respect to GND 

-0.5 to 7.0 

V 


DC Input voltage with respect to GND 

-0.5 to V cc +0.5 

V 

V TS 

Voltage applied to 3-state output with respect to GND 

-0.5 to V cc +0*5 

V 

t stg 

Storage temperature 

-65 to+150 

°C 

Tsol 

Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) 

+260 

°C 


Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond 
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings condi¬ 
tions for extended periods of time may affect device reliability. 

Recommended Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

v ccint/ 

V CCIO 

Supply voltage relative to GND Commercial T A = 0°C to 70°C 

4.75 

5.25 

V 

Supply voltage relative to GND Industrial T A = -40°C to 85°C 

4.5 

5.5 

V 

Supply voltage relative to GND Military T A = -55°C to T c +125°C 

4.5 

5.5 

V 

V CCIO 

I/O supply voltage relative to GND 

3.0 

3.6 

V 

V|L 

Low-level input voltage 

0 

0.8 

V 

V|H 

High-level input voltage 

2.0 

V cc +0.5 

V 

Vo 

Output voltage 

0 

V CCIO 

V 

Tin 

Input signal transition time 


50 

ns 
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DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

X 

o 

> 

5 V TTL High-level output voltage 

Iqh = -4-0 mA 

V C c = Min 

2.4 


V 

3.3 V High-level output voltage 


2.4 


D 

V 0L 

5 V Low-level output voltage 

l 0L = 24 mA (FO) 
l 0L = 12 mA (I/O) 

V C c = Min 


0.5 

V 

3.3 V Low-level output voltage 

l 0L = 10 mA 

Vqc = Min 


0.4 

V 

■iL 

Input leakage current 

Vcc = Max 

V|n = GND or Vqqiq 


±10.0 

pA 

*oz 

Output high-Z leakage current 

V cc = Max 

V Q = GND or V CC | 0 


±10.0 

\iA 

C IN 

Input capacitance for Input and I/O pins 

V, N = GND 
f = 1.0 MHz 


8.0 

PF 

C IN 

Input capacitance for global control pins 
(FCLKO, FCLK1, FCLK2, FOEO, FOE1) 

V, N = GND 
f= 1.0 MHz 


10.0 

PF 

COUT 1 

Output capacitance 

V 0 = GND 
f= 1.0 MHz 


20.0 

PF 

•cci 2 

Supply Current (low power mode) 

V| N = V CC or GND 

V CCINT = V CCIO = 5 v 

f = 1.0 MHz @ 25°C 

187 Typ 

mA 


Notes: 1. Sample tested 

2. Measured with device programmed as four 16-bit counters 

Power-up/Reset Timing Parameters 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

*WMR 

Master Reset input Low pulse width 

100 



ns 

Preset 

Configuration completion time 


80 

160 

ps 
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XC7372 CMOS EPLD 


Fast Function Block (FFB) External AC Characteristics 3 


Symbol 

Parameter 

XC7372-7 
(Com only) 

XC7372-10 

(Com/lnd only) 

XC7372-12 

XC7372-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

E9H 

Max count frequency 1f 2 



100.0 


80.0 




MHz 


Fast input setup time before FCLK T 1 





6.0 




ns 

»HF 

Fast input hold time after FCLK T 

0 




0 


0 


ns 

feOF 

FCLK t to output valid 


5.5 






12.0 

ns 


Fast input to output valid 1f 2 


7.5 




KHB1 


HQ 



I/O to output valid 1f 2 


12.0 


17.0 


20.0 



ns 

fewF 

Fast clock pulse width 

4.0 


5.0 


5.5 


6.0 


ns 


High-Density Function Block (FB) External AC Characteristics 


Symbol 

Parameter 

XC7372-7 
(Com only) 

XC7372-10 

(Com/lnd only) 

XC7372-12 

XC7372-15 

Units 

Min 

Max 

Min 

Max 




Max 

f c 

Max count frequency 1,2 

95.2 


71.4 






MHz 

feu 

I/O setup time before FCLK T ^ 2 

10.5 


14.0 


16.0 


19.0 


ns 


I/O hold time after FCLK T 

0 


0 




0 


ns 

feo 

FCLK T to output valid 


7.0 


10.0 






fesu 

I/O setup time before p-term clock T 2 

4.0 


6.0 




9.0 


ns 


I/O hold time after p-term clock T 

0 


0 


0 


0 



feco 

P-term clock T to output valid 


13.5 


18.0 


21.0 


25.0 

ns 

l PD 

I/O to output valid 1,2 


16.5 


23.0 


28.0 


33.0 

ns 

few 

Fast clock pulse width 

4.0 


5.0 


5.5 


6.0 


ns 

fecw 

P-term clock pulse width 

5.0 


6.0 


7.5 


8.5 


ns 


Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to additional 
logic delay of t FLOG | LP ~ Vlogi or 1 logilp ~ Ilogi- 

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

3. All appropriate AC specifications using Figure 3 as test load circuit. 
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HXILINX 


Fast Function Block (FFB) Interna! AC Characteristics 


Symbol 

Parameter 

XC7372-7 
(Com only) 

XC7372-10 

(Com/lnd only) 

XC7372-12 

XC7372-15 


Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tFLOGI 







mj 



ISI 




3.5 




mm 




^SUI 

FFB register setup time 







HI 


ns 


FFB register hold time 





K3 


3.0 


ns 

HSlMI 

FFB register clock-to-output delay 


mn 


mn 




1.0 

ns 

Wdi 

FFB register pass through delay 




UJ 


1.0 


1.0 


K33SH 

FFB register async. set delay 


ig%a 


2.5 


3.0 


4.0 

ns 




EU 


1.0 


1.2 


1.5 









6.5 


8.0 

imi 


High-Density Function Block (FB) Internal AC Characteristics 




Parameter 











Max 



'logi 







4.0 




^LOGILP 



7.0 


7.5 


9.0 



ns 

l SUI 

FB register setup time 

1.5 


2.5 


3.0 


4.0 


ns 

t H i 

FB register hold time 

3.5 


3.5 


4.0 


5.0 


ns 

tcoi 

FB register clock-to-output delay 


1.0 


1.0 


1.0 


1.0 

ns 

^PDI 

FB register pass through delay 


1.5 


2.5 


4.0 


4.0 

ns 

W)l 

FB register async. set/reset delay 


2.5 


3.0 


4.0 


5.0 

ns 

l RA 

Set/reset recovery time before FCLK T 

13.5 


17.0 


19.0 


22.0 


ns 

‘ha 

Set/reset hold time after FCLK T 

0 


0 


0 


0 


ns 

tpRA 

Set/reset recovery time before p-term 
clock t 

7.5 


10.0 


12.0 


15.0 


ns 

Vha 

Set/reset hold time after p-term clock T 

5.0 


6.0 


8.0 


9.0 


ns 

l PCI 

FB p-term clock delay 


1.0 


0 


0 


0 

ns 

k)EI 

FB p-term output enable delay 


3.0 


4.0 


5.0 


7.0 

ns 

tCARYS 

ALU carry delay within 1 FB 4 


5.0 


6.0 


8.0 


12.0 

ns 

tARYFB 

Carry lookahead delay per additional 
Functional Block 4 


1.0 


1.5 


2.0 


3.0 

ns 


Notes: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

4. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with 
registered outputs. 
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XC7372 CMOS EPLD 


I/O Block External AC Characteristics 




XC7372-7 
(Com only) 

XC7372-10 
(Com/lnd only) 

XC7372-12 

XC7372-15 



Parameter 

Min 

Max 

Min 

Max 

Min 

Max 



Units 


Max pipeline frequency (input register to 
FFB or FB register) 2 

95.2 

■ 

71.4 

m 


■ 

52.6 


MHz 

tsUIN 

Input register/latch setup time before 
FCLKT 

4.0 


5.0 


6.0 


7.0 


ns 

tHIN 

Input register/latch hold time after FCLK T 

0 


0 


0 


0 


ns 

tedN 

FCLK t to input register/latch output 


2.5 


3.5 


4.0 


5.0 

ns 

tcESUIN 

Clock enable setup time before FCLK T 

5.0 


7.0 


8.0 


10.0 


ns 

tCEHIN 

Clock enable hold time after FCLK T 

0 


0 


0 


0 


ns 

tcWHIN 

FCLK pulse width high time 

4.0 


5.0 


5.5 


6.0 


ns 

fewLIN 

FCLK pulse width low time 

4.0 


5.0 


5.5 


6.0 


ns 


Internal AC Characteristics 




XC7372-7 
(Com only) 

XC7372-10 
(Com/lnd only) 

XC7372-12 

XC7372-15 


Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Units 

t IN 

Input pad and buffer delay 


2.5 


3.5 


4.0 


5.0 

ns 

fFOUT 

FFB output buffer and pad delay 


3.0 


4.5 


5.0 


7.0 

ns 

toUT 

FB output buffer and pad delay 


4.5 


6.5 


8.0 


10.0 

ns 

l UIM 

Universal Interconnect Matrix delay 


4.5 


7.0 


8.0 


9.0 

ns 

VOE 

FOE input to output valid 


7.5 


10.0 


12.0 


15.0 

ns 

VOD 

FOE input to output disable 


7.5 


10.0 


12.0 


15.0 

ns 

fFCLKI 

Fast clock buffer delay 


1.5 


2.5 


3.0 


4.0 

ns 


Note: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 



Figure 3. AC Load Circuit 


Output Type 

V CCIO 

VjEST 

R 1 

r 2 

C L 

FO 

5.0 V 

5.0 V 

160 ft 

120 ft 

35 pF 

3.3 V 

3.3 V 

260 ft 

360 ft 

35 pF 


X3491 
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XC7372 CMOS EPLD 


For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 2-1 
through 2-10. 

For a detailed description of the device timing, see pages 2-9,2-10 and 2-50 through 2-58. 

For package physical dimensions and thermal data, see Section 4. 


Ordering Information 


Device Type —I 
Speed 


XC7372- 7 PC 84 C 


Temperature Range 


— Number of Pins 
Package Type 


Speed Options 

-15 15 ns pin-to-pin delay 
-12 12 ns pin-to-pin delay 

-10 10 ns pin-to-pin delay (commercial and industrial only) 

-7 7.5 ns pin-to-pin delay (commercial only) 

Packaging Options 

PC68 68-Pin Plastic Leaded Chip Carrier 

WC68 68-Pin Windowed Ceramic Leaded Chip Carrier 

PC84 84-Pin Plastic Leaded Chip Carrier 

WC84 84-Pin Windowed Ceramic Leaded Chip Carrier 

PQ100 100-Pin Plastic Quad Flat Pack 


Temperature Options 

C Commercial 
I Industrial 

M Military 


0°C to 70°C 
-40°C to 85°C 

-55°C (Ambient) to 125°C (Case) 


Component Availability 


Pins 

44 

68 

84 

100 

144 

160 

225 

Type 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Plastic 

Windowed 


PLCC 

CLCC 

PQFP 

PLCC 

CLCC 

PLCC 

CLCC 

PQFP 

PGA 

PQFP 

BGA 

BGA 

Code 

PC44 

WC44 

PQ44 

PC68 

WC68 

PC84 

WC84 

PQ100 

PG144 

PQ160 

BG225 

WB225 

-15 




Cl 

CIM 

Cl 

CIM 

Cl 





XC7372 ' 12 
-10 




Cl 

CIM 

Cl 

Cl 

Cl 








Cl 

Cl 

Cl 

Cl 

Cl 





-7 




C 

C 

c 

C 

c 






C = Commercial = 0° to +70°C I = Industrial = -40° to 85°C ><5652 

Parenthesis indicate future product plans 
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XC73108 

108-Macrocell CMOS EPLD 


Product Specifications 


Features 

• High-Performance EPLD 

- 7.5 ns pin-to-pin speed on all fast inputs 

- 125 MHz maximum clock frequency 

• Advanced Dual-Block architecture 

- 2 Fast Function Blocks 

- 10 High-Density Function Blocks 

• 100% interconnect matrix 

• High-Speed arithmetic carry network 

- 1 ns ripple-carry delay per bit 

- 56 MHz 18-bit accumulators 

• 108 Macrocells with programmable I/O architecture 

• Up to 120 inputs programmable as direct, latched, or 
registered 

• 18 outputs with 24 mA drive 

• 3.3 V or 5 V I/O operation 

• Meets JEDEC Standard (8-1 A) for 3.3 V ±0.3 V 

• Power management options 

• Multiple security bits for design protection 

• 84-pin leaded chip carrier, 144-pin pin-grid-array 
packages, 100-, 160-pin plastic quad flat pack and 225- 
pin ball grid array 

• 100% PCI compliant 

General Description 

The XC73108 is a member of the Xilinx Dual-Block EPLD 
family. It consists of two Fast Function Blocks and ten 
High-Density Function Blocks interconnected by a central 
Universal Interconnect Matrix (UIM). 

The eight Function Blocks in the XC73108 (Figure 1) are 
PAL-like structures, complete with programmable product 
term arrays and programmable multilevel Macrocells. 
Each Function Block receives 24 inputs, contains nine 
Macrocells configurable for registered or combinatorial 
logic and produces nine outputs which feedback to the 
UIM. 

The Universal Interconnect Matrix connects the Function 
Blocks to each other and to all input pins, providing 100% 


connectivity between the Function Blocks. This allows 
logic functions to be mapped into the Function Blocks and 
interconnected without routing restrictions. 

The XC73108 device is designed in 0.8p CMOS EPROM 
technology. 

In addition, the XC73108 includes a programmable power 
management feature to specify high-performance or low- 
power operation on an individual Macrocell-by-Macrocell 
basis. Unused Macrocells are automatically turned off to 
minimize power dissipation. Designers can operate 
speed-critical paths at maximum performance, while non- 
critical paths dissipate less power. 

Xilinx development software (XEPLD) supports all mem¬ 
bers of the XC7300 family. The designer can create, 
implement, and verify digital logic circuits for EPLD 
devices using the Xilinx XEPLD Development System. 
Designs can be represented as schematics consisting of 
XEPLD library components, as behavioral descriptions, 
or as a mixture of both. The XEPLD translator automati¬ 
cally performs logic optimization, collapsing, mapping and 
routing without user intervention. After compiling the 
design, XEPLD translator produces documentation for 
design analysis and creates a programming file to config¬ 
ure the device. 

The following lists some of the XEPLD Development Sys¬ 
tem features. 

• Familiar design approach similar to TTL and PLD 
techniques 

• Converts netlist to fuse map in minutes using a 386/ 
486 PC or workstation platform 

• Interfaces to standard third-party CAE schematics, 
simulation tools, and behavioral languages 

• Timing simulation using Viewsim, OrCAD VST, Mentor, 
LMC and other tools compatible with the Xilinx Netlist 
Format (XNF) 

The XC73108 device is available in plastic and ceramic 
leaded chip carriers, pin-grid-arrays, plastic quad flat packs 
and ball-grid-array packages. Package options include 
both windowed ceramic for design prototypes and one¬ 
time programmable plastic versions for cost-effective pro¬ 
duction volume. 
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XC73108 CMOS EPLD 


PC84 

1 

PQ100 

1 

BG225/ 

PG144 

1 

PQ160 

1 

84 

14 

HI 

19 

l/FI 

83 

13 

H2 

18 

m 

82 

12 

G1 

17 

l/FI 

81 

11 

G3 

15 

i/fi 

80 

10 

El 

13 

l/FI 

79 

8 

F3 

11 

l/FI 


BG225/ 

PQ160 PG144 PQ100 


I I 


PC84 

I 


— 

26 

N3 

36 

13 

30 

P4 

44 

14 

31 

P5 

47 

15 

32 

N6 

49 

17 

34 
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Figure 1. XC73108 Functional Block Diagram 
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KXILINX 


Power Management 

The XC73108 features a power-management scheme 
which permits non-speed-critical paths of a design to be 
operated at reduced power. Overall power dissipation is 
often reduced significantly, since, in most systems only a 
few paths are speed critical. 

Macrocells can individually be specified for high perfor¬ 
mance or low power operation by adding attributes to the 
logic schematic, or declaration statements to the behavioral 
description. To minimize power dissipation, unused Func¬ 
tion Blocks are turned off and unused Macrocells in used 
Function Blocks are configured for low power operation. 
Operating current for each design can be approximated for 
specific operating conditions using the following equation: 
l cc (mA) = MC hp (2.4) + MC LP ( 2 . 1 ) + 

MC (0.015 mA/MHz) f 
Where: 

MC hp = Macrocells in high-performance mode 
MC lp = Macrocells in low-power mode 
MC = Total number of Macrocells used 
f = Clock frequency (MHz) 


Figure 2 shows a typical calculation for the XC73108 device, 
programmed as six 16-bit counters and operating at the indi¬ 
cated clock frequency. 



Figure 2. Typical l cc vs Frequency for XC73108 


Notice: The information contained in this data sheet pertains to products in the initial production phases of 
development. These specifications are subject to change without notice. Verify with your local Xilinx sales office that 
you have the latest data sheet before finalizing a design. 

Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 

< 

o 

o 

Supply voltage with respect to GND 

-0.5 to 7.0 

V 

V,N 

DC Input voltage with respect to GND 

-0.5 to V cc +0.5 

V 

V TS 

Voltage applied to 3-state output with respect to GND 

-0.5 to V cc +0.5 

V 

t stg 

Storage temperature 

-65 to +150 

°c 

t sol 

Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) 

+260 

°c 


Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond 
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings condh 
tions for extended periods of time may affect device reliability. 

Recommended Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

v ccint/ 

V CCIO 

Supply voltage relative to GND 

Commercial T A = 0°C to 70°C 

4.75 

5.25 

V 

Supply voltage relative to GND 

Industrial T A = -40°C to 85°C 

4.5 

5.5 

V 

Supply voltage relative to GND 

Military T c = -55°C to 125°C 

4.5 

5.5 

V 

v ccio 

I/O supply voltage relative to GND 

3.0 

3.6 

V 

V,L 

Low-level input voltage 

0 

0.8 

V 

V,H 

High-level input voltage 

2.0 

V CC +0.5 

V 

v 0 

Output voltage 

0 

V CCIO 

V 

Tin 

Input signal transition time 


50.0 

ns 
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XC73108 CMOS EPLD 


DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

X 

>° 

5 V TTL High-level output voltage 

Iqh — -4.0 mA 

Vqc - Min 

2.4 


V 

3.3 V High-level output voltage 

Iqh = "3.2 mA 

V C c - Min 

2.4 


V 

V 0 L 

5 V Low-level output voltage 

l 0L = 24 mA (FO) 
l OL =12mA (I/O) 

Vcc = Min 


0.5 

V 

3.3 V Low-level output voltage 

Iql = 10 mA 

Vcc - Min 


0.4 

V 

'IL 

Input leakage current 

V cc = 

V, N = GND or V CC io 


±10.0 

pA 

•oz 

Output high-Z leakage current 

V cc = Max 

Vo = GND or Vccio 


±10.0 

pA 

C IN 

Input capacitance for Input and I/O pins 

V IN = GND 
f = 1.0 MHz 


8.0 

PF 

C IN 

Input capacitance for global control pins 
(FCLKO, FCLK1, FCLK2, FOEO, FOE1) 

V, N = GND 
f = 1.0 MHz 


12.0 

PF 

COUT 1 

Output capacitance 

V 0 = GND 
f = 1.0 MHz 


20.0 

PF 

■cci 2 

Supply Current (low power mode) 

V|n = V CC or GND 
Vccint - v ccio = 5 v 
f« 1.0 MHz @ 25°C 

227 Typ 

mA 


Notes: 1. Sample tested 

2. Measured with device programmed as six 16-bit counters 

Power-up/Reset Timing Parameters 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

*WMR 

Master Reset input Low pulse width 

100 



ns 

Preset 

Configuration completion time 


80 

160 

ps 
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XC73108 CMOS EPLD 


Fast Function Block (FFB) External AC Characteristics 3 


Symbol 

Parameter 

XC73108-7 
(Com Only) 

XC73108-10 
(Com Only) 

XC73108-12 
(Com/lnd Only) 

XC73108-15 

XC73108-20 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

f CF 

Max count frequency 1f 2 

125.0 


100.0 


80.0 


66.7 


50.0 


MHz 

tSLJF 

Fast input setup time before FCLK T 1 

4.0 


5.0 


6.0 


7.0 


10.0 


ns 

VlF 

Fast input hold time after FCLK T 

0 


0 


0 


0 


0 


ns 

tcOF 

FCLK T to output valid 


5.5 


8.0 


9.0 


12.0 


15.0 

ns 

tpDFO 

Fast input to output valid 1 • 2 


7.5 


10.0 


12.0 


15.0 


20.0 

ns 

tpDFU 

I/O to output valid 1,2 


13.5 


19.0 


22.0 


27.0 


35.0 

ns 

*CWF 

Fast clock pulse width 

4.0 


5.0 


5.5 


6.0 


6.0 


ns 


High-Density Function Block (FB) External AC Characteristics 



Symbol 

Parameter 

XC73108-7 
(Com Only) 

XC73108-10 
(Com Only) 

XC73108-12 
(Com/lnd Only) 

XC73108-15 

XC73108-20 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

f c 

Max count frequency 1,2 

83.3 


62.5 


55.6 


45.5 


35.7 


MHz 

tsu 

I/O setup time before FCLK T ^ 2 

12.0 


16.0 


18.0 


22.0 


28.0 


ns 

t H 

I/O hold time after FCLK t 

0 


0 


0 


0 


0 


ns 

tco 

FCLK T to output valid 


7.0 


10.0 


12.0 


15.0 


20.0 

ns 

l PSU 

I/O setup time before p-term clock T 2 

4.0 


6.0 


7.0 


9.0 


12.0 


ns 

l PH 

I/O hold time after p-term clock T 

0 


0 


0 


0 


0 


ns 

tpCO 

P-term clock t to output valid 


15.0 


20.0 


23.0 


28.0 


36.0 

ns 

tpD 

I/O to output valid 1,2 


18.0 


25.0 


30.0 


36.0 


45.0 

ns 

tew 

Fast clock pulse width 

4.0 


5.0 


5.5 


6.0 


6.0 


ns 

tpew 

P-term clock pulse width 

5.0 


6.0 


7.5 


8.5 


12.0 


ns 


Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to additional 
logic delay of t FL0 GiLP “ Iflogi or t logilp ~ t|_OGi- 

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

3. All appropriate AC specifications tested using Figure 3 as test load circuit. 
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XC73108 CMOS EPLD 


Fast Function Block (FFB) Internal AC Characteristics 


Symbol 

Parameter 

XC73108-7 
(Com Only) 

XC73108-10 
(Com Only) 

XC73108-12 
(Com/lnd Only) 

XC73108-15 

XC73108-20 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

l FLOGI 

FFB logic array delay 2 


1.5 


1.5 


2.0 


2.0 


3.0 

ns 

Iflogilp 

Low-power FFB logic array delay 2 


3.5 


5.5 


7.0 


8.0 


11.0 

ns 

Vsui 

FFB register setup time 

1.5 


2.5 


3.0 


4.0 


6.0 


ns 


FFB register hold time 



2.5 






4.0 


ns 

fFCOI 

FFB register clock-to-output delay 


1.0 


1.0 


1.0 


1.0 


1.0 

ns 

tFPDI 

FFB register pass through delay 


0.5 


0.5 


1.0 


1.0 


2.0 

ns 

Ifaoi 

FFB register async. set delay 


2.0 


2.5 


3.0 


4.0 


6.0 

ns 

tpTXI 

FFB p-term assignment delay 


0.8 


1.0 


1.2 


1.5 


2.0 

ns 

*FFD 

FFB feedback delay 


4.0 


5.0 


6.5 


8.0 


10.0 

ns 


High-Density Function Block (FB) Internal AC Characteristics 


Symbol 

Parameter 

XC73108-7 
(Com Only) 

XC73108-10 
(Com Only) 

XC73108-12 
(Com/lnd Only) 

XC73108-15 

XC73108-20 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Ilogi 

FB logic array delay 2 


3.5 


3.5 


4.0 


5.0 


6.0 

ns 

tLOGILP 

Low power FB logic delay 2 


7.0 


7.5 


9.0 


11.0 


14.0 

ns 

*SUI 

FB register setup time 

1.5 


2.5 


3.0 


4.0 


6.0 


ns 

tHI 

FB register hold time 

3.5 


3.5 


4.0 


5.0 


6.0 


ns 

tcoi 

FB register clock-to-output delay 


1.0 


1.0 


1.0 


1.0 


1.0 

ns 

fpDI 

FB register pass through delay 


1.5 


2.5 


4.0 


4.0 


4.0 

ns 

*AOI 

FB register async. set/reset delay 


2.5 


3.0 


4.0 


5.0 


7.0 

ns 

Ira 

Set/reset recovery time before FCLK T 

15.0 


19.0 


21.0 


25.0 


31.0 


ns 

t|HA 

Set/reset hold time after FCLK T 

0 


0 


0 


0 


0 


ns 

l PRA 

Set/reset recovery time before p-term 
clock T 

7.5 


10.0 


12.0 


15.0 


20.0 


ns 

tpHA 

Set/reset hold time after p-term clock T 

5.0 


6.0 


8.0 


9.0 


12.0 


ns 

tpci 

FB p-term clock delay 


1.0 


0 


0 


0 


0 

ns 

k)EI 

FB p-term output enable delay 


3.0 


4.0 


5.0 


7.0 


9.0 

ns 

tCARY8 

ALU carry delay within 1 FB 4 


5.0 


6.0 


8.0 


12.0 


15.0 

ns 

tCARYFB 

Carry lookahead delay per additional 
Functional Block 4 


1.0 


1.5 


2.0 


3.0 


4.0 

ns 


Notes: 


2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

4. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with 
registered outputs. 







XC73108 Programmable Logic Device 


I/O Block External AC Characteristics 


Symbol 

Parameter 

XC73108-7 
(Com Only) 

XC73108-10 
(Com Only) 

XC73108-12 
(Com/lnd Only) 

XC73108-15 

XC73108-20 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

f|N 

Max pipeline frequency (input register 
to FFB or FB register) 

83.3 


62.5 


55.6 


45.5 


35.7 


MHz 

tSLIlN 

Input register/latch setup time before 
FOLK t 

4.0 


5.0 


6.0 


7.0 


10.0 


ns 

t HIN 

Input register/latch hold time after 
FCLKT 

0 


0 


0 


0 


0 


ns 

*COIN 

FCLK t to input register/latch output 


2.5 


3.5 


4.0 


5.0 


6.0 

ns 

tCESUIN 

Clock enable setup time before FCLK T 

5.0 


7.0 


8.0 


10.0 


12.0 


ns 

tCEHIN 

Clock enable hold time after FCLK t 

0 


0 


0 


0 


0 


ns 

GffiSi 


4.0 


IE3 




B22 





■ 


4.0 






1 




BS 


Internal AC Characteristics 



Parameter 






R 




I2U 










K£3 




MEM 


mm 


6.0 


KBI 





■a 




MEM 


9.0 





B3Q 


mn i 


ESI 


10.0 


14.0 

B3 

fuiM 

Universal Interconnect Matrix delay 


6.0 


9.0 


10.0 


12.0 


15.0 

ns 

l FOE 

FOE input to output valid 


7.5 


10.0 


12.0 


15.0 


20.0 

ns 

l FOD 

FOE input to output disable 


7.5 


10.0 


12.0 


15.0 


20.0 

ns 

l FCLKI 

Fast clock buffer delay 


1.5 


2.5 


3.0 


4.0 


5.0 

ns 


Note: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 



Output Type 

v CClO 

V TEST 

R 1 

r 2 

C L 

FO 

5.0 V 

5.0 V 

160 0 

120 0 

35 pF 

3.3 V 

3.3 V 

260 0 

360 0 

35 pF 


X3491 


Figure 3. AC Load Circuit 
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XC73108 Programmable Logic Device 


XC73108 Pinouts 


PQ160 

PG144 

BG225 

PQ100 

PC84 

Input XC73108 Output 

1 

D3 

- 

- 

v CCIO 

2 

C2 

3 

75 

O/CKENI MC5-4 

3 

- 

- 

- 

N/C 

4 

B1 

4 


FO MC2-1 

5 

- 

- 

- 

N/C 

6 

D2 

5 

76 

O/FOEO MC5-5 

7 

E3 

- 

- 

O MC5-1 

8 

Cl 

6 

77 

O/FOEI MC5-6 

9 

E2 

- 


O MC5-2 

10 

D1 

7 

78 

VCCINT/Vpp 

11 

F3 

8 

79 

l/FI 

12 

F2 

9 

- 

l/O/FI MC5-7 

13 

El 

10 

80 

l/FI 

14 

G2 

- 

- 

l/O/FI MC5-8 

15 

G3 

11 

81 

l/FI 

16 

FI 

- 

- 

l/O/FI MC5-9 

17 

G1 

12 

82 

l/FI 

18 

H2 

13 

83 

l/FI 

19 

HI 

14 

84 

l/FI 

20 

H3 

- 

- 

GND 



15 

1 

MR 


WEM 


2 

l/FI 

23 

K1 

17 

3 

l/FI 

24 

J2 

18 

4 

l/FI 

25 

K2 

- 

- 

O MCI 0-1 

26 

K3 

19 

5 

l/FI 

27 

LI 

- 

- 

O MCI 0-2 

28 

L2 

20 

6 

l/FI 

29 

Ml 

21 

- 

l/O/FI MCI 0-8 

30 

N1 

22 

7 

l/FI 

31 

M2 

23 

8 

GND 

32 

L3 

- 

- 

l/O/FI MCI 0-7 

33 

N2 

24 

9 

O/FCLKO MCI 0-3 

34 

PI 

- 

- 

O MCI 0-6 

35 

M3 

25 

10 

O/FCLKI MCI 0-4 

36 

N3 

26 

- 

FO MC1-1 

37 

P2 

27 

11 

l/O/FI MCI 0-9 

38 

- 

- 

- 

N/C 

39 

- 

- 

- 

N/C 

40 

R1 

- 

- 

GND 


PQ160 

PG144 

BG225 

PQ100 

PC84 

Input XC73108 Output 

41 

N4 

28 

- 

V CCIO 

42 

P3 

29 

12 

0/FCLK2 MCI 0-5 

43 

R2 

- 

- 

I/O MC4-1 

44 

P4 

30 

13 

FO MCI-2 

45 

N5 

- 

- 

I/O MC4-2 

46 

R3 

- 

- 

V CCINT 

47 

P5 

31 

14 

FO MCI-3 

48 

R4 

- 

- 

I/O MC4-3 

49 

N6 

32 

15 

FO MCI-4 

50 

P6 

- 

- 

I/O MC4-4 

51 

R5 

33 

16 

GND 

52 

- 

- 

- 

N/C 

53 

- 

- 

- 

N/C 

54 

P7 

34 

17 

FO MCI-5 

55 

N7 

- 


I/O MC4-5 

56 

R6 

35 

18 

FO MCI-6 

57 

R7 

36 

- 

l/O/FI MC4-7 

58 

P8 

37 

19 

FO MCI-7 

59 

R8 

38 

20 

FO MCI-8 

60 

N8 

39 

21 

FO MCI-9 

61 

N9 

40 

22 

v CCIO 



41 

23 

I/O MC9-1 

63 

R10 

42 

24 

I/O MC9-2 

64 

P9 

43 

25 

I/O MC9-3 

65 

- 

- 

- 

N/C 

66 

- 

- 

- 

N/C 

67 

P10 

- 

- 

I/O MC4-6 

68 

N10 

44 

26 

I/O MC9-6 

69 

R11 

45 

- 

l/O/FI MC4-8 

70 

P11 

46 

27 

GND 

71 

R12 

47 

28 

l/O/FI MC9-7 

72 

R13 

48 

- 

l/O/FI MC4-9 

73 

P12 

49 

29 

l/O/FI MC9-8 

74 

Nil 

- 

- 

I/O MC3-1 

75 

P13 

50 

30 

l/O/FI MC9-9 

76 

R14 

- 

- 

I/O MC3-2 

77 

N12 

51 

31 

I/O MC8-1 

78 

N13 

- 

- 

I/O MC3-3 

79 

P14 

52 

32 

I/O MC8-2 

80 

R15 

- 

- 

GND 


Note: With the XC73108 in the 225-pin ball grid array package, only 144 of the solder balls are connected, the remaining solder balls should be left unconnected 













HXILINX 


XC73108 Pinouts (continued) 


PQ160 

PG144 

BG225 

PQ100 

PC84 

Input XC7308 Output 

81 

M13 

53 

- 

V CCIO 

82 

N14 

54 

33 

I/O MC8-3 

83 

- 

- 

- 

N/C 

84 

P15 

- 

- 

I/O MC3-4 

85 

- 

- 

- 

N/C 

86 

M14 

55 

34 

I/O MC9-4 

87 

LI 3 

- 

- 

I/O MC3-5 

88 

N15 

56 

35 

I/O MC9-5 

89 

L14 

- 

- 

I/O MC3-6 

90 

M15 

57 

36 

I/O MC8-4 

91 

K13 

- 

- 

l/O/FI MC3-7 

92 

K14 

58 

37 

I/O MC8-5 

93 

L15 

- 

- 

l/O/FI MC3-8 

94 

J14 

59 

38 

V CCINT 

95 

J13 

60 

39 

I/O MC8-6 

96 

K15 

61 

- 

l/O/FI MC3-9 

97 

J15 

62 

40 

l/O/FI MC8-7 

98 

H14 

63 

41 

l/O/FI MC8-8 

99 

H15 

- 

- 

GND 

100 

H13 

64 

42 

GND 

101 

G13 

65 

43 

l/O/FI MC8-9 

102 

G15 

66 

44 

I/O MC7-1 

103 

F15 

67 

45 

I/O MC7-2 

104 

G14 

68 

46 

I/O MC7-3 

105 

F14 

- 

- 

I/O MCI 2-1 

106 

F13 

69 

47 

I/O MC7-4 

107 

E15 

- ' 

- 

I/O MCI 2-2 

108 

E14 

70 

48 

I/O MC7-5 

109 

D15 

- 

- 

I/O MCI 2-3 

110 

C15 

71 

49 

GND 

111 

D14 

72 

50 

I/O MC7-6 

112 

E13 

- 

- 

I/O MCI 2-4 

113 

C14 

73 

51 

I/O MC6-5 

114 

B15 

- 

- 

I/O MCI 2-5 

115 

D13 

74 

52 

I/O MC6-4 

116 

C13 

75 

- 

l/O/FI MCI 2-9 

117 

B14 

76 

53 

l/O/FI MC7-7 

118 

- 

- 

- 

N/C 

119 

- 

- 

- 

N/C 

120 

A15 

77 

- 

GND 


PQ160 

PG144 

BG225 

PQ100 

PC84 

Input XC7308 Output 

121 

C12 

- 

- 

V CCIO 

122 

B13 

78 

54 

l/O/FI MC7-8 

123 

A14 

- 

- 

I/O MCI 2-6 

124 

B12 

79 

55 

l/O/FI MC7-9 

125 

C11 

- 

- 

l/O/FI MCI 2-7 

126 

A13 

80 

56 

I/O MC6-1 

127 

B11 

- 

- 

GND 

128 

A12 

- 

- 

l/O/FI MC12-8 

129 

CIO 

81 

- 

l/O/FI MC11-7 

130 

B10 

- 

- 

I/O MC11-1 

131 

- 

- 

- 

N/C 

132 

- 

- 

- 

N/C 

133 

All 

82 

- 

l/O/FI MC11-8 

134 

B9 

83 

57 

I/O MC6-2 

135 

C9 

84 

58 

I/O MC6-6 

136 

A10 

85 

59 

I/O MC6-3 

137 

A9 

86 

60 

GND 

138 

B8 

87 

61 

l/O/FI MC6-7 

139 

A8 

88 

62 

l/O/FI MC6-8 

140 

C8 

89 

63 

l/O/FI MC6-9 

141 

C7 

90 

64 

v CClO 

142 

A7 

91 

65 

FO MC2-9 

143 

A6 

92 

66 

FO MC2-8 

144 

B7 

93 

67 

FO MC2-7 

145 

B6 

94 

- 

l/O/FI MC11-9 

146 

C6 

95 

68 

FO MC2-6 

147 

A5 

- 

- 

I/O MC11-2 

148 

B5 

96 

69 

FO MC2-5 

149 

- 

- 

- 

N/C 

150 

- 

- 

- 

N/C 

151 

A4 

- 

- 

I/O MC11-3 

152 

A3 

97 

70 

FO MC2-4 

153 

B4 

- 

- 

I/O MC11-4 

154 

C5 

98 

71 

FO MC2-3 

155 

B3 

- 

- 

I/O MC11-5 

156 

A2 

99 

72 

FO MC2-2 

157 

C4 

100 

73 

V CCINT 

158 

C3 

- 

- 

I/O MC11-6 

159 

B2 

1 

74 

O/CKENO MC5-3 

160 

A1 

2 

- 

GND 
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XC73108 CMOS EPLD 


For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 2-1 
through 2-10. 

For a detailed description of the device timing, see pages 2-9, 2-10 and 2-59 through 2-61. 

For package physical dimensions and thermal data, see Section 4. 

Ordering Information 


XC73108 ■ 7 PC 84 C 


Device Type —I 


1-Temperature Range 


Speed- 1 


1 -Number of Pins 


Speed Options 

-20 20 ns pin-to-pin delay 


-Package Type 

-15 

15 ns pin-to-pin delay 

Temperature Options 

-12 

12 ns pin-to-pin delay (commercial and 
industrial only) 


C Commercial 0°C to 70°C 

1 Industrial -40°C to 85°C 

-10 

-7 

10 ns pin-to-pin delay (commercial only) 

7.5 ns pin-to-pin delay (commercial only) 


M Military -55°C (Ambient) to 125°C (Case) 


Packaging Options 

PC84 84-Pin Plastic Leaded Chip Carrier 
WC84 84-Pin Windowed Ceramic Leaded 
Chip Carrier 

PQ100 100-Pin Plastic Quad Flat Pack 
PG144 144-Pin Windowed Pin-Grid-Array 
PQ160 160-Pin Plastic Quad Flat Pack 
BG225 225-Pin Plastic Ball-Grid-Array 
WB225 225-Pin Windowed Ball-Grid-Array 


|! 


Component Availability 


Pins 


44 

68 

84 

100 

144 

160 

225 

Type 


Plastic 

PLCC 

Ceramic 

CLCC 

Plastic 

PQFP 

Plastic 

PLCC 

Ceramic 

CLCC 

Plastic 

PLCC 

Ceramic 

CLCC 

Plastic 

PQFP 

Ceramic 

PGA 

Plastic 

PQFP 

Plastic 

BGA 

Windowed 

BGA 

Code 


PC44 

WC44 

PQ44 

PC68 

WC68 

PC84 

WC84 

PQ100 

PG144 

PQ160 

BG225 

WB225 


-20 






Cl 

Cl 

Cl 

CIM 

Cl 

Cl 

(C) 

XC73108 

-15 






Cl 

Cl 

Cl 

CIM 

Cl 

Cl 

(C) 

-12 






Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

(C) 


-10 






c 

C 

C 

C 

C 

C 

(C) 


-7 






c 

C 

C 

C 

C 

C 

(C) 


C = Commercial = 0° to +70°C I = Industrial = -40° to 85°C *5698 


Parenthesis indicate future product plans 
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HXILINX 


XC73144 

144-Macrocell CMOS EPLD 


Product Specifications 


Features 

• High-Performance EPLD 

- 7.5 ns pin-to-pin speed on all fast inputs 

- 100 MHz maximum clock frequency 

• Advanced Dual-Block architecture 

- Four Fast Function Blocks 

- Twelve High-Density Function Blocks 

• 100% interconnect matrix 

• High-Speed arithmetic carry network 

- 1 ns ripple-carry delay per bit 

- 43 MHz 16-bit accumulators 

• 144 Macrocells with programmable I/O architecture 

• Up to 132 inputs programmable as direct, latched, or 
registered 

• All outputs with 24 mA drive 

• 3.3 V or 5 V I/O operation 

• Meets JEDEC Standard (8-1 A) for 3.3 V ±0.3 V 

• Power management options 

• Multiple security bits for design protection 

• 160-pin plastic quad flat pack and 225-pin ball-grid- 
array packages 

• 100% PCI compliant 

• Programmable slew rate 

• Programmable ground control 

General Description 

The XC73144 is a member of the Xilinx Dual-Block EPLD 
family. It consists of four Fast Function Blocks and twelve 
High-Density Function Blocks interconnected by a central 
Universal Interconnect Matrix (UIM). 

The sixteen Function Blocks in the XC73144 are PAL-like 
structures, complete with programmable product term 
arrays and programmable multilevel Macrocells. Each 
Function Block receives 24 inputs, contains nine Macro¬ 
cells configurable for registered or combinatorial logic and 
produces nine outputs which feedback to the UIM and 
output pins. 


The Universal Interconnect Matrix connects the Function 
Blocks to each other and to all input pins, providing 100% 
connectivity between the Function Blocks. This allows 
logic functions to be mapped into the Function Blocks and 
interconnected without routing restrictions. 

The XC73144 is designed in a 0.8 p CMOS EPROM tech¬ 
nology. 

In addition, the XC73144 includes a programmable power 
management feature to specify high-performance or low- 
power operation on an individual Macrocell-by-Macrocell 
basis. Unused Macrocells are automatically turned off to 
minimize power dissipation. Designers can operate 
speed-critical paths at maximum performance, while non- 
critical paths dissipate less power. 

Xilinx development software (XEPLD) supports all mem¬ 
bers of XC7300 family. The designer can create, imple¬ 
ment, and verify digital logic circuits for EPLD devices 
using the Xilinx XEPLD Development System. Designs 
can be represented as schematics consisting of XEPLD 
library components, as behavioral descriptions, or as a 
mixture of both. The XEPLD translator automatically per¬ 
forms logic optimization, collapsing, mapping and routing 
without user intervention. After compiling the design, 
XEPLD translator produces documentation for design 
analysis and creates a programming file to configure the 
device. 

The following lists some of the XEPLD Development Sys¬ 
tem features. 

• Familiar design approach similar to TTL and PLD 
techniques 

• Converts netlist to fuse map in minutes using a 386/ 
486 PC or workstation platform 

• Interfaces to standard third-party CAE schematics, 
simulation tools, and behavioral languages 

• Timing simulation using Viewsim, OrCAD VST, Mentor, 
LMC and other tools compatible with the Xilinx Netlist 
Format (XNF) 
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XC73144 CMOS EPLD 


Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Units 

< 

8 

Supply voltage with respect to GND 

-0.5 to 7.0 

V 

V,N 

DC Input voltage with respect to GND 

-0.5 to V cc +0.5 

V 

Vts 

Voltage applied to 3-state output with respect to GND 

-0.5 to Vqq +0.5 

V 

t stg 

Storage temperature 

-65 to+150 

°C 

t sol 

Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) 

+260 

°C 


Warning. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond 
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings condi¬ 
tions for extended periods of time may affect device reliability. 

Recommended Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

< < 
o o 
o o 

° 1 

Supply voltage relative to GND Commercial T A = 0°C to 70°C 

4.75 

5.25 

V 

Supply voltage relative to GND Industrial T A = -40°C to 85°C 

4.5 

5.5 

V 

Supply voltage relative to GND Military T A = -55°C to T c = +125°C 

4.5 

5.5 

V 

V CCIO 

I/O supply voltage relative to GND 

3.0 

3.6 

V 

V,L 

Low-level input voltage 

0 

0.8 

V 

V| H 

High-level input voltage 

2.0 

V CC +0.5 

V 

Vo 

Output voltage 

0 

V CCIO 

V 

Tin 

Input signal transition time 


50.0 

ns 


Power Management 

The XC73144 features a power-management scheme 
which permits non-speed-critical paths of a design to be 
operated at reduced power. Overall power dissipation is 
often reduced significantly, since, in most systems only a 
few paths are speed critical. 

Macrocells can individually be specified for high per¬ 
formance or low power operation by adding attributes to 
the logic schematic, or declaration statements to the 
behavioral description. To minimize power dissipation, 
unused Function Blocks are turned off and unused 
Macrocells in used Function Blocks are configured for low 
power operation. 

Operating current for each design can be approximated for 
specific operating conditions using the following equation: 

l cc (mA) = MC hp (2.4) + MC LP (2.1) + 

MC (0.015 mA/MHz) f 
Where: 

MC H p = Macrocells in high-performance mode 
MClp = Macrocells in low-power mode 
MC = Total number of Macrocells used 
f = Clock frequency (MHz) 


Figure 2 shows a typical calculation for the XC73144 device, 
programmed as eight 16-bit counters and operating at the 
indicated clock frequency. 



Clock Frequency (MHz) 

X5768 

Figure 2.Typical I cc vs Frequency for XC73144 
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XC73144 CMOS EPLD 


DC Characteristics Over Recommended Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min 

Max 

Units 

V 0 H 

5 V TTL High-level output voltage 

l 0H = -4.0 mA 

Vqc = Min 

2.4 


V 

3.3 V High-level output voltage 

I 0 h = -3.2 mA 

Vcc = Min 

2.4 


V 

VOL 

5 V Low-level output voltage 

l 0L = 24 mA (FO) 
l 0 L = 12 mA (I/O) 

Vcc = Min 


0.5 

V 

3.3 V Low-level output voltage 

l 0 L =10 mA 

Vcc ~ Min 


0.4 

V 

'IL 

Input leakage current 

V cc = Max 

V| N = GND or Vccio 


±10.0 

pA 

•oz 

Output high-Z leakage current 

V C c = Max 

Vq = GND or Vccio 


±10.0 

pA 

C IN 

Input capacitance for Input and I/O pins 

V, N = GND 
f = 1.0 MHz 


8.0 

pF 

C IN 

Input capacitance for global control pins 
(FCLK0, FCLK1, FCLK2, FOEO, FOE1) 

V, N = GND 
f * 1.0 MHz 


12.0 

PF 

COUT 1 

Output capacitance 

V 0 = GND 
ff« 1.0 MHz 


20.0 

PF 

1 2 
■cci 

Supply Current (low power mode) 

Vin = V cc or GND 

V CCINT = V CCIO = 5 V 
f= 1.0 MHz @ 25°C 

250 Typ 

mA 


Notes: 1. Sample tested 

2. Measured with device programmed as eight 16-bit counters 

Power-up/Reset Timing Parameters 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

twMR 

Master Reset input Low pulse width 

100 



ns 

fRESET 

Configuration completion time 


80 

160 

ps 


Slew Rate and Programmable Ground Control 

Due to the large number of high current drivers available 
on the XC73144, two programmable signal management 
features have been included - slew rate control (SRC) 
and ground control (GC). Slew rate control is primarily for 
external system benefit, to reduce ringing and other cou¬ 
pling phenomenon. SRC permits designers to select 
either 1 V/ns or 1.5 V/ns slew rate on a pin-by-pin basis 
for any output or I/O signal. This can be done with PLUS- 
ASM or schematically, as needed. The defafult slew rate 
is 1 V/ns. To assign the pins with equations (PLUSASM), 
the designer needs to only declare them as follows: 

FAST ON <signal name list> 

This will assign the signals in the list to have a 1.5 V/ns 
slew rate. Omitting the signal name list will globally set all 
signals to be 1.5 V/ns. Specific signals therefore can be 
declared with 1 V/ns slew rate as follows: 

FAST OFF <signal name list> 


Schematic control of SRC is also straightforward. Again, 
the default is 1 V/ns, but to assign specific pins fast, the 
designer need only attach the “FAST” attribute to the I/O 
or output buffer or the corresponding pin. 

Programmable ground control is useful for internal chip 
signal management. The output buffers of the Fast Func¬ 
tion Blocks have an impedance of around 7 Q when 
switching high to low, where the High Density Function 
Blocks impedance is around 14 ft. Since this low imped¬ 
ance is negligible compared to the impedance of the pin 
inductance when output current transients occur, a rea¬ 
sonable ground connection can be made by driving 
unused output pins low and physically attaching them to 
external ground. The XC73144 architecture permits the 
automatic assignment of external ground signals to all 
Macrocells that are not declared as primary outputs or 
I/Os. Note that the logical function of the buried Macrocell 
is fully preserved, while its output driver is driving low and 
physically attached to ground. Should designers not wish 
to employ programmable ground control, they need only 
declare all such pins as primary I/Os whether they will be 
attached externally or not. 
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XC73144 CMOS EPLD 


Fast Function Block (FFB) External AC Characteristics 3 


Symbol 

Parameter 

XC73144-7 
(Com Only) 

XC73144-10 
(Com Only) 

XC73144-12 
(Com/lnd Only) 

XC73144-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

f CF 

Max count frequency ^ 2 

105.0 


100.0 


80.0 


66.7 


MHz 

tsUF 

Fast input setup time before FCLK T 1 

4.0 


5.0 


6.0 


7.0 


ns 

*HF 

Fast input hold time after FCLK T 

0 


0 


0 


0 


ns 

foF 

FCLK T to output valid 


5.5 


8.0 


9.0 


12.0 

ns 

tpDFO 

Fast input to output valid 2 


7.5 


10.0 


12.0 


15.0 

ns 

tpDFU 

I/O to output valid 1,2 


13.5 


19.0 


22.0 


27.0 

ns 

*CWF 

Fast clock pulse width 

4.0 


5.0 


5.5 


6.0 


ns 


High-Density Function Block (FB) External AC Characteristics 



Symbol 

Parameter 

XC73144-7 
(Com Only) 

XC73144-10 
(Com Only) 

XC73144-12 
(Com/lnd Only) 

XC73144-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

f c 

Max count frequency 1f 2 

83.3 


62.5 


55.6 


45.5 


MHz 

tsu 

I/O setup time before FCLK T ^ 2 

12.0 


16.0 


18.0 


22.0 


ns 

t H 

I/O hold time after FCLK T 

0 


0 


0 


0 


ns 

tco 

FCLK t to output valid 


7.0 


10.0 


12.0 


15.0 

ns 

l PSU 

I/O setup time before p-term clock T 2 

4.0 


6.0 


7.0 


9.0 


ns 

tpH 

I/O hold time after p-term clock T 

0 


0 


0 


0 


ns 

tpco 

P-term clock T to output valid 


15.0 


20.0 


23.0 


28.0 

ns 

*PD 

I/O to output valid 1,2 


18.0 

■. 

25.0 


30.0 


36.0 

ns 

*cw 

Fast clock pulse width 

4.0 


5.0 


5.5 


6.0 


ns 

*PCW 

P-term clock pulse width 

5.0 


6.0 


7.5 


8.5 


ns 


| Preliminary] 

Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to additional 
logic delay of t FL0 GiLP - *flogi or * logilp ~ koGi- 

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

3. All appropriate AC specifications tested using Figure 3 as the test load circuit. 


2-69 





XC73144 CMOS EPLD 


Fast Function Block (FFB) Internal AC Characteristics 


Symbol 

Parameter 

XC73144-7 
(Com Only) 

XC73144-10 
(Com Only) 

XC73144-12 
(Com/Ind Only) 

XC73144-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


FFB logic array delay 2 


1.5 


1.5 


2.0 


2.0 

ns 

tFLOGILP 

Low-power FFB logic array delay 2 




ill 

■HI 

IB 


8,0 

ns 

KESN 

FFB register setup time 

1.5 




gggll 




ns 


FFB register hold time 

2.5 


K IS 




| A?*'! 


ns 


FFB register clock-to-output delay 


1.0 


1.0 


1.0 

———— 


ns 


FFB register pass through delay 


0.5 


0.5 


!l:i,o; 


1,0 

ns 

Vaoi 

FFB register async. set delay 


2.0 


2.5 


3.0 


4.0 

ns 

Wxi 

FFB p-term assignment delay 


0.8 


iii 


111 .2 


1.5 

ns 

*FFD 

FFB feedback delay 


4.0 


5.0 


6.5 


8.0 

ns 


High-Density Function Block (FB) Internal AC Characteristics 


Symbol 

Parameter 

XC73144-7 
(Com Only) 

XC73144-10 
(Com Only) 

XC73144-12 
(Com/Ind Only) 

XC73144-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

l LOGI 

FB logic array delay 2 


3.5 


3.5 


4.0 


5.0 

ns 

fLOGILP 

Low power FB logic delay 2 


7.0 


7.5 


9.0 


11.0 

ns 


FB register setup time 

1.5 

— 

2.5 


IQQI 


BEQ 


ns 


FB register hold time 

3.5 


mm 


s» 

IBM 

nuns 


ns 


FB register clock-to-output delay 


1.0 


1.0 

iiiiii 

1.0 

mu 

1 0 

ns 

fpDI 

FB register pass through delay 


1.5 


2.5 


4.0 


4.0 

ns 

l AOI 

FB register async. set/reset delay 


2.5 


3.0 


4.0 


5.0 

ns 

*RA 

Set/reset recovery time before FCLK T 

15.0 


19.0 


21.0 


25.0 


ns 

*HA 

Set/reset hold time after FCLK T 

0 


0 


0 


0 


ns 

fpRA 

Set/reset recovery time before p-term clock T 

7.5 


10.0 


12.0 


15.0 


ns 

fpHA 

Set/reset hold time after p-term clock T 

5.0 


6.0 


8.0 


9.0 


ns 

tpCI 

FB p-term clock delay 


1.0 


0 


0 


0 

ns 

bEI 

FB p-term output enable delay 


3.0 


; 4.0 ' 

: 

5.0 


7.0 

ns 

fCARY8 

ALU carry delay within 1 FB 4 


5.0 


6.0 


8.0 


12.0 

ns 

tCARYFB 

Carry lookahead delay per additional Functional 

Block 4 


1.0 


' . / 

1.5 


2.0 


3.0 

ns 


I Preliminary | 

Notes: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 

4. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with 
registered outputs. 
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XC73144 Programmable Logic Device 


I/O Block External AC Characteristics 




XC73144-7 

(Com Only) 

XC73144-10 

(Com Only) 

XC73144-12 
(Com/lnd Only) 

XC73144-15 


Symbol 

Parameter 





Min 

Max 

Min 

Max 

Units 

f|N 

Max pipeline frequency (input register to FFB or 

FB register) 2 

83.3 


62.5 


55.6 

li 

45.5 


MHz 

tsUIN 

Input register/latch setup time before FCLK T 

mm 

SH 

5.0 


6.0 


MM 

■n 

ns 

*HIN 

Input register/latch hold time after FCLK T 

0 


0 


jjjfillli 


mom 


ns 


FCLK t to input register/latch output 


2.5 


3.5 




IEE1 

ns 

IS! 

Clock enable setup time before FCLK T 

MM 


7.0 

hmi 

8.0 


10.0 


ns 

ICEHIN 

Clock enable hold time after FCLK T 

0 


0 


0 


0 


ns 

ICWHIN 

FCLK pulse width high time 

4.0 


5.0 


5.5 


6.0 


ns 

ICWLIN 

FCLK pulse width low time 

4.0 


5.0 


5.5 


6.0 


ns 


Internal AC Characteristics 


Symbol 

Parameter 

XC73144-7 
(Com Only) 

XC73144-10 
(Com Only) 

XC73144-12 
(Com/lnd Only) 

XC73144-15 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

1|N 

Input pad and buffer delay 


2.5 


3.5 


4.0 


5.0 

ns 

^FOUT 

FFB output buffer and pad delay 


3.0 


4.5 


5.0 


7.0 

ns 

toUT 

FB output buffer and pad delay 

WM 

m 


6.5 


8,0 


10.0 

ns 

l UIM 

Universal Interconnect Matrix delay 


gym 


BP»1 


10.0 


12.0 

ns 

*FOE 

FOE input to output valid 


mm 



■■ 

12.0 


15.0 


{ FOD 

FOE input to output disable 


mug 


m 


12.0 


15.0 

ns 

VCLKI 

Fast clock buffer delay 




lea 




Hgg| 

ns 


| Preliminary^ 

Note: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell. 



Output Type 

V CCIO 

V TEST 

R 1 

r 2 

C L 

FO 

5.0 V 

5.0 V 

160 n 

120Q 

35 pF 

3.3 V 

3.3 V 

260 0 

360 0 

35 pF 


X3491 


Figure 3. AC Load Circuit 
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XC73144 Programmable Logic Device 


XC73144 Pinouts 


BG225 

PQ160 

Input XC73144 Output 

D3 

1 

V CCIO 

E4 

- 

l/FO MC3-4 

F4 

- 

l/FO MC3-2 

C2 

2 

O/CKENI MC7-4 

F5 

- 

l/FO MC3-1 

G4 

3 

l/FO MC3-5 

B1 

4 

l/FO MC2-1 

J4 

5 

l/FO MC3-3 

D2 

6 

O/FOEO MC7-5 

E3 

7 

0 MC7-1 

Cl 

8 

O/FOEI MC7-6 

E2 

9 

0 MC7-2 

D1 

10 

VCCINT/Vpp 

F3 

11 

l/FI 

F2 

12 

l/O/FI MC7-7 

El 

13 

l/FI 

G2 

14 

l/O/FI MC7-8 

G3 

15 

l/FI 

FI 

16 

l/O/FI MC7-9 

G1 

17 

l/FI 

H2 

18 

l/FI 

HI 

19 

l/FI 

H3 

20 

GND 

J3 

21 

l/FI MR 

K5 

- 

v CCIO 

J1 

22 

l/FI 

K1 

23 

l/FI 

J2 

24 

l/FI 

K2 

25 

0 MC14-1 

K3 

26 

l/FI 

LI 

27 

0 MCI 4-2 

L2 

28 

l/FI 

Ml 

29 

l/O/FI MCI 4-8 

N1 

30 

l/FI 

M2 

31 

GND 

L3 

32 

l/O/FI MCI 4-7 

N2 

33 

O/FCLKO MCI 4-3 

PI 

34 

0 MC14-6 

M3 

35 

O/FCLKI MCI 4-4 

N3 

36 

l/FO MC1-1 

K4 

- 

l/FO MC4-1 

L4 

- 

l/FO MC4-2 

P2 

37 

l/O/FI MCI 4-9 

M4 

38 

l/FO MC4-3 

L5 

39 

l/FO MC4-5 

R1 

40 

GND 


BG225 

PQ160 

Input XC73144 Output 

N4 

41 

v CCIO 

P3 

42 

0/FCLK2 MCI 4-5 

R2 

43 

I/O MC6-1 

P4 

44 

l/FO MCI-2 

N5 

45 

I/O MC6-2 

R3 

46 

V CCINT 

M5 

- 

l/FO MC4-4 

P5 

47 

l/FO MCI-3 

R4 

48 

I/O MC6-3 

L6 

- 

l/FO MC4-6 

M6 

- 

l/FO MC4-8 

N6 

49 

l/FO MCI-4 

P6 

50 

I/O MC6-4 

R5 

51 

GND 

M7 

52 

l/FO MC4-7 

M9 

53 

l/FO MC4-9 

P7 

54 

l/FO MCI-5 

N7 

55 

I/O MC6-5 

R6 

56 

l/FO MCI-6 

R7 

57 

l/O/FI MC6-7 

P8 

58 

l/FO MCI-7 

R8 

59 

l/FO MCI-8 

N8 

60 

l/FO MCI-9 

N9 

61 

v CCIO 

M10 

- 

O MCI 3-1 

L10 

- 

O MCI 3-2 

R9 

62 

I/O MCI 2-1 

RIO 

63 

I/O MCI 2-2 

P9 

64 

I/O MCI 2-3 

L11 

65 

O MCI 3-6 

Mil 

66 

l/O/FI MCI 3-7 

M12 

- 

GND 

P10 

67 

I/O MC6-6 

N10 

68 

I/O MCI 2-6 

R11 

69 

l/O/FI MC6-8 

P11 

70 

GND 

R12 

71 

l/O/FI MCI 2-7 

R13 

72 

l/O/FI MC6-9 

P12 

73 

l/O/FI MCI 2-8 

Nil 

74 

I/O MC5-1 

P13 

75 

l/O/FI MCI 2-9 

R14 

76 

I/O MC5-2 

N12 

77 

I/O MC11-1 

N13 

78 

I/O MC5-3 

P14 

79 

I/O MC11-2 

R15 

80 

GND 
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XC73144 Pinouts (continued) 


BG225 PQ160 Input 

_____ _____ 

LI 2 - O 


XC73144 Output 


BG225 PQ160 

_____ — 

122 


XC73144 Output 

v ccto_ 



WEBHBM 

0 


MC13-5 

mmmm 

l/O/FI 


MCI 3-8 

MUMWLM 

I/O 


MC5-4 

WzEMKIM 

l/O/FI 


MCI 3-9 


I/O 


MCI 2-4 

miHEfl 

I/O 


MC5-5 


I/O 


MCI 2-5 

ussaum 

I/O 


MC5-6 

HI 

I/O 


MC11-4 

wmawms 

l/O/FI 


MC5-7 


I/O 


MC11-5 


l/O/FI 


MC5-8 

J14 94 

V CCINT 

J13 95 

I/O 


MC11-6 


l/O/FI 


MC5-9 


l/O/FI 


MC11-7 

mssmkm 

l/O/FI 


MC11-8 

miummm 

GND 

■IMRil 

GND 




MC2-9 


MC2-8 


MC2-7 


MCI 5-9 

MC2-6 

MC3-8 
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XC73144 CMOS EPLD 


For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 2-1 
through 2-10. 

For a detailed description of the device timing, see pages 2-9, 2-10 and 2-50 through 2-52. 

For package physical dimensions and thermal data, see Section 4. 

Ordering Information 


XC73144 - 7 PQ 160 C 

T 


Device Type —I 


Speed 


Speed Options 

-15 

15 ns pin-to-pin delay 

-12 

12 ns pin-to-pin delay 

-10 

10 ns pin-to-pin delay (commercial only) 

-7 

7.5 ns pin-to-pin delay (commercial only) 


*— Temperature Range 

— Number of Pins 
Package Type 


Packaging Options 

PQ160 160-Pin Plastic Quad Flat Pack 
BG225 225-Pin Plastic Ball-Grid-Array 

Temperature Options 

C Commercial 0°C to 70°C 
I Industrial -40°C to 85°C 


Component Availability 


Pins 

44 

68 

84 

100 

144 

160 

225 

Type 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Ceramic 

Plastic 

Plastic 

Ceramic 


PLCC 

CLCC 

PQFP 

PLCC 

CLCC 

PLCC 

CLCC 

PQFP 

PGA 

PQFP 

BGA 

BGA 

Code 

PC44 

WC44 

PQ44 

PC68 

WC68 

PC84 

WC84 

PQ100 

PG144 

PQ160 

BG225 

WB225 

-15 










Cl 

Cl 

Cl 

XC73144 " 12 
-10 










Cl 

Cl 

Cl 










C 

C 

C 

-7 










C 

C 

C 


C = Commercial = 0° to +70°C I = Industrial = -40° to 85°C *5654 

Parenthesis indicate future product plans 
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XC7236A 

36-Macrocell CMOS EPLD 


Product Specifications 


Features 

• Second-Generation High Density Programmable 
Logic Device 

• UV-erasable CMOS EPROM technology 

• 36 Macrocells, grouped into four Function Blocks, 
interconnected by a programmable Universal 
Interconnect Matrix (UIM) 

• Each Function Block contains a programmable AND- 
array with up to 24 complementary inputs, providing 
up to 17 product terms per Macrocell 

• Enhanced logic features 

- Arithmetic Logic Unit in each Macrocell 

- Dedicated fast carry network between Macrocells 

- Wide AND capability in the Universal Interconnect 
Matrix 

• Identical timing for all interconnect paths and for all 
Macrocell logic paths 

• 36 signal pins 

- 30 I/Os, 2 inputs, 4 outputs 

• Each input is programmable 

- Direct, latched, or registered 

• I/O operation at 3.3 V or 5 V 

• Meets JEDEC Standard (8-1 A) for 3.3 V ± 0.3 V 

• Three high-speed, low-skew global clock inputs 

• 44-pin plastic and windowed ceramic leaded chip 
carrier packages 

General Description 

The XC7236A is a second-generation High Density Pro¬ 
grammable Logic Device that combines the classical fea¬ 
tures of the PAL-like EPLD architecture with innovative 
systems-oriented logic enhancements. This favors the 
implementation of fast state machines, large synchronous 
counters and fast arithmetic, as well as multi-level general- 
purpose logic. Performance, measured in achievable sys¬ 
tem clock rate and critical delays, is not only predictable, 
but independent of physical logic mapping, interconnect 
routing, and resource utilization. Performance, therefore, 
remains invariant between design iterations. The propa¬ 
gation delay through interconnect and logic is constant for 
any function implemented in any one of the output 
Macrocells. 


The functional versatility of the traditional programmable 
logic array architecture is enhanced through additional 
gating and control functions available in an Arithmetic 
Logic Unit (ALU) in each Macrocell. Dedicated fast arith¬ 
metic carry lines running directly between adjacent 
Macrocells and Function Blocks support fast adders, 
subtractors and comparators of any length up to 36 bits. 

This additional ALU in each Macrocell can generate any 
combinatorial function of two sums of products, and it can 
generate and propagate arithmetic-carry signals between 
adjacent Macrocells and Functional Blocks. 

The Universal Interconnect Matrix (UIM) facilitates unre¬ 
stricted, fixed-delay interconnects from all device inputs 
and Macrocell outputs to any Function Block AND-array 
input. The UIM can also perform a logical AND across any 
number of its incoming signals on the way to any Function 
Block, adding another level of logic without additional 
delay. This supports bidirectional loadable synchronous 
counters of any size up to 36 bits, operating at the specified 
maximum device frequency 

As a result of these logic enhancements, the XC7236A can 
deliver high performance even in designs that combine 
large numbers of product terms per output, or need more 
layers of logic than AND-OR, or need a wide AND function 
in some of the product terms, or perform wide arithmetic 
functions. 

Automated design mapping and optimization is supported 
by Xilinx XEPLD development software based on design 
capture using third-party schematic entry tools, PLD com¬ 
pilers or direct text-based equation files. Design mapping 
is completed in a few minutes on a PC or Worstation. 

Architectural Overview 

Figure 1 shows the XC7236A structure. Four Function 
Blocks (FBs) are all interconnected by a central UIM. Each 
FB receives 21 signals from the UIM and each FB pro¬ 
duces nine signals back into the UIM. All device inputs are 
also routed via the UIM to all FBs. Each FB contains nine 
output Macrocells (MCs) that draw from a programmable 
AND array driven by the 21 signals from the UIM. Most 
Macrocells drive a 3-state chip output; all feed back into the 
UIM. 
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XC7236A CMOS EPLD 


PC44 


H 


IE 


Cany 


UIM 


Arithmetic Carry 


S 


POM 


AND ARRAY 

MC3-9 


~ 


I/O/FI 

MC3-8 


I 


l/O/FI 

MC3-7 


I 


l/O/FI 

MC3-6 


" 

< - 

I/O 

MC3-5 




I/O 

MC3-4 




I/O 

MC3-3 


“ 

v . ...1 

I/O 

MC3-2 




I/O 

MC3-1 



s . 

I/O 


Figure 1. XC7236A Architecture 


Function Blocks and Macrocells 

The XC7236A contains 36 Macrocells with identical struc¬ 
ture, grouped into four Function Blocks of nine Macrocells 
each. Each Macrocell is driven by product terms derived 
from a programmable AND array in the Function Block. 
The AND array in each Function Block receives 21 signals 
and their complements from the UIM. In three Function 
Blocks, the AND array receives three additional inputs and 
their complements directly from Fastlnput (FI) pins, thus 
offering faster logic paths. 

Five product terms are private to each Macrocell; an 
additional 12 product terms are shared among the nine 
Macrocells in each Function Block. Four of the private 
product terms can be selectively ORed together with up to 
four of the shared product terms, and drive the D1 input to 
the ALU. The other input, D2, to the ALU is driven by the 


OR of the fifth private product term and up to eight of the 
remaining shared product terms. 

As a programmable option, four of the private product 
terms can be used for other purposes. One of the private 
product terms can be used as a dedicated clock for the flip- 
flop in the Macrocell. (See the subsequent description of 
other clocking options.) Another one of the private product 
terms can be the asynchronous active-High Reset of the 
Macrocell flip-flop, another one can be the asynchronous 
active-High Set of the Macrocell flip-flop, and another one 
can be the Output Enable signal. 

As a configuration option, the Macrocell output can be fed 
back and ORed into the D2 input to the ALU after being 
ANDed with three of the shared product terms to imple¬ 
ment counters and toggle flip-flops. 
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The ALU has two programmable modes: In the logic mode, 
it is a 2-input function generator, a 4-bit look-up table, that 
can be programmed to generate any Boolean function of 
its two inputs. It can OR them, widening the OR function 
to max 17 inputs; it can AND them, which means that one 
sum of products can be used to mask the other; it can XOR 
them, toggling the flip-flop or comparing the two sums of 
products. Either or both of the sum-of-product inputs to the 
ALU can be inverted and either or both can be ignored. The 
ALU can implement one additional layer of logic without 
any speed penalty. 

In the arithmetic mode, the ALU block in each Macrocell 
can be programmed to generate the arithmetic sum or 
difference of two operands, combined with a carry signal 
coming from the next lower Macrocell. It also feeds a carry 
output to the next higher Macrocell. This carry propagation 
chain crosses the boundaries between Function Blocks. 
This dedicated carry chain overcomes the inherent speed 
and density problems of the traditional EPLD architecture, 
when trying to perform arithmetic functions. 


The ALU output drives the D input of the Macrocell flip-flop. 
Each flip-flop has several programmable options. One 
option is to eliminate the flip-flop by making it transparent, 
which makes the Q output identical with the D input, 
independent of the clock. Otherwise, the flip-flop operates 
in the conventional manner, triggered by the rising edge on 
its clock input. 

The clock source is programmable and is either the dedi¬ 
cated product term mentioned earlier, or one of two global 
FastCLK signals (FLCKO or FLCK1) that are distributed 
with short delay and minimal skew over the whole chip. 

The asynchronous Set and Reset (Clear) inputs override 
the clocked operation. If both asynchronous inputs are 
active simultaneously, Reset overrides Set. Upon power- 
up, each Macrocell flip-flop can be preloaded with either 0 
or 1. 


AND Array 



Figure 2. Function Block and Macrocell Schematic 
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In addition to driving a chip output pin, the Macrocell output 
is also routed back as an input to the (JIM. One private 
product term can be configured to control the Output 
Enable of the output pin driver and/or the feedback to the 
UIM. If configured to control UIM feedback, then when the 
OE product-term is de-asserted, the UIM feedback line is 
forced High and thus disabled. 

Universal Interconnect Matrix 

The UIM receives 68 inputs: 36 from the Macrocell feed¬ 
backs, 30 from bidirectional I/O pins, and 2 from dedicated 
input pins. Acting as an unrestricted crossbar switch, the 
UIM generates 84 output signals, 21 to each Function 
Block. 

Any one of the 68 inputs can be programmed to be 
connected to any number of the 84 outputs. The delay 
through the array is constant, independent of the apparent 
routing distance, the fan-out, fan-in, or routing complexity. 

Routability is not an issue in that any UIM input can drive 
any UIM output or multiple outputs without additional delay. 

When multiple inputs are programmed to be connected to 
the same output, this output becomes the AND of the input 
signals if the levels are interpreted as active High. By 
choosing the appropriate signal inversion at the input pin, 
Macrocell outputs and Function Block AND-array input, 
this AND-logic can also be used to implement a NAND, 


OR, or NOR function. This offers an additional level of logic 
without any speed penalty. 

A Macrocell feedback signal that is disabled by the output 
enable product term represents a High input to the UIM. 
Several such Macrocell outputs programmed onto the 
same UIM output thus emulating a 3-state bus line. If one 
of the Macrocell outputs is enabled, the UIM output as¬ 
sumes that same level. 

Outputs 

Thirty-four of the 36 Macrocell drive chip outputs directly 
through individually programmable inverters followed by 
3-state output buffers; each can be individually controlled 
by the Output Enable product term mentioned above. An 
additional configuration option disables the output perma¬ 
nently. One dedicated FastOE input can also be config¬ 
ured to control any of the chip outputs instead of, or in 
conjunction with the individual OE product term. 

Inputs 

Each signal input to the chip is programmable as either 
direct, latched, or registered in a flip flop. Latch and flip-flop 
can be programmed with either of two FastCLK signals as 
latch enable or clock. The two FastCLK signals are FCLKO 
and a global choice of either FCLK1 or FCLK2. Latches are 
transparent when FastCLK is High, and flip-flops clock on 
the rising edge of FastCLK. Registered inputs allow high 
system clock rates by pipelining the inputs before they 


Global 



Figure 3. Input/Output Schematic 
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incur the combinatorial delay in the device, provided the 
one-clock-period pipeline latency is acceptable. 

The direct, latched, or registered inputs then drive the UIM. 
There is no propagation-delay difference between pure 
inputs and I/O inputs. 

3.3 V or 5 V Interface configuration 
The XC7236A can be used in systems with two different 
supply voltages, 5 V or 3.3 V. The device has separate V C c 
connections to the internal logic and input buffers (V C cint) 
and to the I/O output drivers (V C cio)- V C cint is always 
connected to a nominal +5 V supply, but V C cio may be 
connected to either +5 V or +3.3 V, depending on the 
output interface requirement. 

When Vccio is connected to +5 V, the input thresholds are 
TTL levels, and thus compatible with 5 V or 3.3 V logic, and 
the output high levels are compatible with 5 V systems. 
When Vccio is connected to 3.3 V, the input thresholds are 
still TTL levels, and the outputs pull up to the 3.3 V rail. This 
makes the XC7236A ideal for interfacing directly to 3.3 V 
components. In addition, the output structure is designed 
such that the I/O can also safely interface to a mixed 3.3- 
V or 5-V bus. 

Programming and Using the XC7236A 

The features and capabilities described above are used by 
the Xilinx development software to program the device 
according to the specification given either through sche¬ 
matic entry, or through a behavioral description expressed 
in Boolean equations. 

The user can specify a security bit that prevents any 
reading of the programming bit map after the device has 
been programmed and verified. 

The device is programmed in a manner similar to an 
EPROM (ultra-violet light erasable read-only memory) 
using the Intel Hex format. Programming support is avail¬ 
able from a number of programmer manufacturers. The 
UIM connections and Function Block AND-array connec- 



Frequency (MHz) 


Figure 4. Typical l C c vs Frequency for XC7236A 
Configured as Eight 4-bit Counters 
(V cc = +5.0 V, Vin = 0 or 5 V, all outputs open) 

tions are made directly by non-volatile EPROM cells. 
Other control bits are read out of the EPROM array and 
stored into latches just after power-up. This method, 
common among EPLD devices, requires application of a 
master-reset signal delayed at least until V C c has reached 
the required operating voltage. This can be achieved using 
a simple capacitor and pull-up resistor on the MR pin (the 
RC product should be larger than twice the V C c rise time). 
The power-up or reset signal initiates a self-timed configu¬ 
ration period lasting about 350 ps (t RE sET). during which all 
device outputs remain disabled and programmed preload 
state values are loaded into the Macrocell registers. 

Unused input and I/O pins should be tied to ground or Vcc 
or some valid logic level. This is common practice for all 
CMOS devices to avoid dissipating excess current 
through the input pad circuitry. 

The recommended decoupling capacitance on the three 
V C c pins should total 1 pF using high-speed (tantalum or 
ceramic) capacitors. 
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Absolute Maximum Ratings 


Symbol Parameter 

Value 

Units 

V C c 

Supply voltage relative to GND 

-0.5 to 7.0 

fl! 

V|N 

Input voltage with respect to GND 

-0.5 to V cc +0.5 

V 

Vts 

Voltage applied to 3-state output 

-0.5 to V cc +0.5 

V 

Tstg 

Storage temperature 

-65 to + 150 

°C 

Tsol 

Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) 

+ 260 

°C 


Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. 

These are stress ratings only, and functional operation of the device at these or any other conditions beyond 
those listed under Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for 
extended periods of time may affect device reliability. 


Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

VcCINT 

Supply voltage relative to GND Commercial T A = 0°C to 70°C 

4.75 


V 

Vccio 

Supply voltage relative to GND Industrial T A = -40°C to 85°C 

4.5 


V 


Supply voltage relative to GND Military T c = -55°C to 125°C 

4.5 

5.5 

V 

Vccio 

I/O supply voltage 3.3 V 

3.0 

3.6 

MM 

V,L 

Low-level input voltage 

0 

0.8 

V 

V|H 

High-level input voltage 

2.0 

V cc +0.5 


Vo 

Output voltage 

0 

Vccio 



DC Characteristics Over Operating Conditions 


Symbol Parameter 

Test Conditions 

Min 

Max 

Units 


5 V TTL high-level output voltage 

l 0 h = -4.0 mA 

V C c= Min 

2.4 


V 

3.3 V high-level output 

lo h = -3.2 mA 

V C c = Min 

m 


■ 


5 V low-level output voltage 

l 0L = 12 mA 

V C c= Min 


0.5 

V 

3.3 V low-level output voltage 

Iol = 10 mA 

Vcc = Min 


0.4 

V 


Supply Current 

N 

X 

2 

o 

II 

»i 

II 

126 mATyp 

■ 

m 

Input leakage current 

V cc = Max 

Vin = GND or Vccio 


±10.0 

HA 

•oz 

Output High-Z leakage current 

V C c = Max 

Vo = GND or Vccio 


B 

mA 

C|N 

Input capacitance (sample tested) 

V, N = GND 
f = 1.0 MHz 



pF 
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AC Timing Requirements 


Symbol 

Parameter 

Fig. 

XC7236A-25 

XC7236A-20 

*XC7236A-16 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

f CYC 
(Note 1) 

Max sequential toggle frequency 
(with feedback) using FastCLK 

6 

40 


B 




MHz 

f CYC1 
(Note 1) 

Max sequential toggle frequency 

(with feedback) using a Product-Term clock 

6 

40 


B 


60 


MHz 

*CYC4 
(Note 5) 

Max Macrocell toggle frequency 
using local feedback and FastCLK 


50 


50 


60 


MHz 

f CLK 
(Note 5) 

Max Macrocell register transmission frequency 
(without feedback) using FastCLK 


45 


50 


60 


MHz 


Max Macrocell register transmission frequency 
(without feedback) using a Product-Term clock 


H 


mu 


60 



f CLK2 
(Note 5) 

Max input register transmission frequency 
(without feedback) using FastCLK 


mi 




B 


MHz 

f CLK3 
(Note 1) 

Max input register to Macrocell register pipline 
frequency using FastCLK 

■ 



B 


60 


MHz 

t w 

FastCLK pulse width (High/Low) 

D 

■ 


8 


6 


ns 

*W1 

Product-Term clock width (active/inactive) 

m 

■ 


9 


7 


K3 

1 

Input to Macrocell register set-up time 
before FastCLK 

9 

mi 

B 

B 

B 


B 


B 

Input to Macrocell register hold time 
after FastCLK 

9 

H 

B 

B 

B 

B 

B 


l SU1 
(Note 1) 

Input to Macrocell register set-up time 
before Product-Term clock 

8 

16 

B 

B 

B 

B 

B 


*H1 

Input to Macrocell register hold time 
after Product-Term clock 

8 

H 

B 

0 

B 

0 

B 


l SU2 

Input register/latch set-up time before FastCLK 

10 

■ 


8 


6 



*H2 

Input register/latch hold time 
after FastCLK 

10 

B 

B 

B 

B 

o 

B 

ns 

*SU5 

Fastlnput to Macrocell register set-up time 
before FastCLK 



B 

B 

B 

15 

B 


*H5 

Fastlnput to Macrocell register hold time 
after FastCLK 




0 

B 

0 

fl 

ns 

*WA 

Set/Reset pulse width (active) 

11 

■ 


mm 


10 


II m 

*RA 

Set/Reset input recovery set-up time 
before FastCLK 

11 


B 

25 

B 

20 

B 

ns 

l HA 

Set/Reset input hold time after FastCLK 

11 

■ 


0 


0 



*RA1 

Set/Reset input recovery time 
before Product-Term clock 

11 

15 

■ 

15 

B 

12 

B 

ns 

*HA1 

Set/Reset input hold time after P-Term clock 

11 

9 


9 


8 


ns 

*HRS 

Product-Term clock width (active/inactive) 


10 


10 


8 


ns 


‘Commercial/Industrial Only 
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Propagation Delays 


Symbol 

Parameter 

Fig. 


XC7236A-20 

‘XC7236A-16 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

tco 

FastCLK input to register output delay 

11 

5 

14 

3 

13 

3 

10 

ns 

*001 

P-Term clock input to registered output delay 

11 

10 

30 

5 

24 

5 

20 

ns 

*AO 

Set/Reset input to registered output delay 

11 

10 

40 

5 

32 

a 

25 

ns 

■ 

Input to nonregistered output delay 

11 

10 

40 

5 

32 

H 

25 

ns 


Input to output enable 

11 

10 

32 

5 

25 

5 

20 

ns 


Input to output disable 

11 

10 

32 

5 

25 

5 

Ea 

ns 

^^9 

Fastlnput to non-registered Macrocell 
output delay 


10 

H 

5 

25 

H 


ns 

*OE5 

Fastlnput to output enable 


5 



20 

mm 

15 

ns 

*OD5 

Fastlnput to output disable 


5 



20 

■ 

15 

ns 

*FOE 

FOE input to output enable 


5 

■a 


14 

a 

12 

ns 

*FOD 

FOE input to output disable 


5 

15 

3 

14 

3 

12 

ns 


'Commercial/Industrial Only 


Incremental Parameters 


Symbol 

Parameter 

Fig. 

XC7236A-25 

XC7236A-20 

•XC7236A-16 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

l PDT1 
(Note 2) 

Arithmetic carry delay 
between adjacent Macrocells 

12 


1.2 


1.2 


1 

ns 

*PDT8 
(Note 2) 

Arithmetic carry delay through 9 
adjacent Macrocells in a Function Block 

12 






H 

ns 

1PDT9 
(Note 2) 

Arithmetic carry delay through 10 Macrocells from 
Macrocell #n to Macrocell #n in next F Block 

12 


■ 


6 


■ 

■ 

*COF1 

Incremental delay from UlM-input (for P-Term clock) 
to registered Macrocell feedback 

13 


H 


■ 


H 

H 

*COF2 
(Note 3) 

Incremental delay from FastCLK net 
to latched/registered UlM-input 

13 


■ 


■ 


1 

ns 


Incremental delay from UlM-input 
to nonregistered Macrocell feedback 

13 




H 


10 

H 


Incremental delay from UlM-input (Set/Reset) 
to registered Macrocell feedback 

13 


B 


H 


10 

D 

EB-; 

Incremental delay from UlM-input (used as 
output-enable/disable) to Macrocell feedback 

13 


14 


■ 


5 

ns 

<IN + 
*OUT 
(Note 4) 

Propagation delay 

through unregistered input pad (to UIM) 
plus output pad driver (from Macrocell) 

13 


18 


18 


15 

ns 


‘Commercial/Industrial Only 
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Power-up/Reset Timing Parameters 


Symbol 

Parameter 



Max 

Units 

*WMR 

Master Reset input Low pulse width 

100 



ns 

trVCC 
(Note 6) 

V C c rise time (if MR not used for power-up) 




ps 

tRESET 

Configuration completion time (to outputs operational) 


350 

1000 

ps 


Notes: 1. Specifications account for logic paths which use the maximum number of available product terms and the ALU. 

2. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for an adder with 
registered outputs. 

3. Parameter tcoF 2 is derived as the difference between the clock period for pipelining input-to-Macrocell registers (l/fcuo) 
and the non-registered input set-up time (tsu)- 

4. Parameter t w represents the delay from an input or I/O pin to a UlM-input (or from a FastCLK pin to the Fast CLK net); 
tour represents the delay from a Macrocell output (feedback point) to an output or I/O pin. Only the sum of t, N + tom can 
be derived from measurements, e.g., t, N + tom = tsu + tco - 1/fcvc- 

5. Not tested but derived from appropriate pulse-widths, set-up time and hold-time measurements. 

6. Due to the synchronous operation of the power-up reset and the wide range of ways V cc can rise to its steady state, V cc 
rise mustb& monotonic. Following reset, the Clock, Reset and Set inputs must not be asserted until all applicable input 
and feedback set-up times are met. 




Output Type 

V CCIO 

V TEST 

R 1 

r 2 

c L 

0 

5.0 V 

5.0 V 

310 0 

195 0 

35 pF 

3.3 V 

3.3 V 

260 O 

360 0 

35 pF 


X3489 


Figure 5. AC Load Circuit 
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Timing and Delay Path Specifications 

The delay path consists of three blocks that can be 
connected in series: 

• Input Buffer and associated latch or register 

• Logic Resource (UIM, AND-array and Macrocell) 

• Three-state Output Buffer 

All inputs have the same delay, regardless of fan-out or 
location. All logic resources have the same delay, regard¬ 
less of logic complexity, interconnect topology or location 
on the chip. All outputs have the same delay. The achiev¬ 
able clock rate is, therefore, determined only by the input 
method (direct, latched or registered) and the number of 
times a signal passes through the combinatorial logic. 

Timing and Delay Path Descriptions 
Figure 6 defines the max clock frequency (with feedback). 
Any Macrocell output can be fed back to the UIM as an 
input for the next clock cycle. The parameters f C Yc and 
fcYci specify the maximum operating frequency for 
FastCLK and product-term clock operation respectively. 

Figure 7 specifies the max operating frequency (fcuo) for 
pipelined operation between the input registers and the 
Macrocell registers, using FastCLK. 


Figure 8 defines the set-up and hold times from the data 
inputs to the product-term clock used by the output 
register. 

Figure 9 defines the set-up and hold times from the data 
inputs to the FastCLK used by the output register. 

Figure 10 defines the set-up and hold times from the data 
input to the FastCLK used in an input register. 

Figure 11 shows the waveforms for the Macrocell and 
control paths. 

Figure 12 defines the carry propagation delays between 
Macrocells and between Function Blocks. The parameters 
describe the delay from the CIN, D1 and D2 inputs of a 
Macrocell ALU to the CIN input of the adjacent Macrocell 
ALU. These delays must be added to the standard 
Macrocell delay path (t PD or t S u)to determine the perfor¬ 
mance of an arithmetic function. 

Figure 13 defines the incremental parameters for the 
standard Macrocell logic paths. These incremental param¬ 
eters are used in conjunction with pin-to-pin parameters 
when calculating compound logic path timing. Incremental 
parameters are derived indirectly from other pin-to-pin 
measurement. 


Function Block 


AND-Array, 


Macrocell 

ALU Logic 


Register 

D Q - 


-► 

_" 


P-Term Clock 


Output 

Driver 


hs. -- s Output or 

- > I/O Pin 



Figure 6. Delay Path Specifications for f C vc and f C vci 
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UIM Function Block 



Figure 7. Delay Path Specification for f CLK3 


UIM Function Block 



Figure 8. Delay Path Specification for t S ui and t H i 
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(JIM Function Block 


Input or 
I/O Pin 


FASTCLK 

Pin 



Output or 
I/O Pin 


FASTCLK 

Input / 

(— 


*su 




-;'h ...| 


Input or WV\ 

i/o Pin AAAy 

v Data ) 

(XXXXXXX 


Figure 9. Delay Path Specification for t S u and t H 


UIM 


Input or 
I/O Pin 


FASTCLK 

Pin 




Figure 10. Delay Path Specification for t SU2 and t H 2 
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Registered 

Inputs 


3X 


'WL 


Active Inactive ^ 


< ) 

( > 

t t SU2* <H2* 

<SU2* JH2* 


r 


tWH 


tsu2 and tH 2 are measured with respect to the high-going 
edge of FastCLK for registered inputs, and with respect to 
the low-going edge of FastCLK for latched inputs. Only the 
high going edge is used for clocking the macrocell registers. 


Input Used 
as Clock 


*wi 


XHX 


Unlatched 

Inputs 


1 


l SU 


Jwi 


Jsui I tm 




tpD 


Non-Registered 

Outputs 


Registered 

Outputs 







\ 

_ / 


tc 

»° 0 t 

:oi 


- 

) 

t 


Valid Disable 


X 


_JOD 


Valid Enable 


k)E . 


X 


— 


J—K 



Active 


Jhai 


Inactive N ^Ac 


X 


JWA 


Valid Reset/Set 


Jrai 


Active 


Reset/Set 

De-Asserted 


tAO 


X 



Figure 11. Principal Pin-to-Pin Measurements 


fPDF 



Figure 12. Arithmetic Timing Parameters 
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XC7236A Pinouts 



Input Output 


Vccto 

IEH 

Input/FI MC4-9 

25 

Input/FI MC4-8 

26 

Input/FI MC4-7 

27 

Input MC4-6 

28 

Input MC4-5 

29 

GND 

30 

Input MC4-4 

31 

Input MC4-3 

32 

FastOE MC4-2 

33 

Input MC4-1 

34 

VcCINT 

35 

Input/FI MC3-9 

36 

Input/FI MC3-8 

37 

Input/FI MC3-7 

38 

Input MC3-6 

39 

GND 

40 

Input MC3-5 

41 

Input MC3-4 

42 

Input MC3-3 

43 

Input MC3-2 

44 

Input MC3-1 


PC44 

Input Output 

1 

Master Reset V PP 

2 

Input MC2-1 

3 

Input 

4 

Input 

5 


6 


7 

GND 

8 

Input MC2-6 

9 

FastCLKO MC2-7 

10 

FastCLKI MC2-8 

11 

FastCLK2 MC2-9 

12 

Vccio 

13 

Input MC1-1 

14 

Input MCI-2 

15 

Input MCI-3 

16 

Input MCI-4 

17 

GND 

18 

Input MCI-5 

19 

Input MCI-6 

20 

Input/FI MCI-7 

21 

Input/FI MCI-8 

22 

Input/FI MCI-9 


FI = Fast Input 


Ordering Information 


Device Type 
Speed — 


XC7236A-16PC44C 

m TTTl 


_Temperature 

Range 

Number of Pins 


1 — Package Type 


XC7236A 


-25 

25 ns (40 MHz) sequential cycle time 

Temperature Options 


-20 

20 ns (50 MHz) sequential cycle time 

C 

Commercial 

o°c 

to 70°C 

-16 

16 ns (60 MHz) sequential cycle time 

1 

Industrial 

-40°C 

to 85°C 


(commercial and industrial only) 

M 

Military 

-55°C 

(Ambient) to 125°C (Case) 


Package Options 


PC44 44-Pin Plastic Leaded Chip Carrier 
WC44 44-Pin Windowed Ceramic Leaded 
Chip Carrier 


Component Availability 


Pins 

44 

68 

84 

Type 

Plastic 

PLCC 

Ceramic 

CLCC 

Plastic 

PLCC 

Ceramic 

CLCC 

Plastic 

PLCC 

Ceramic 

CLCC 

Ceramic 

PGA 

Code 

PC44 

WC44 

PC68 

WC68 

PC84 

WC84 

PG84 

-25 

Cl 

CIM 






XC7236A -20 

Cl 

CIM 






-16 

Cl 

Cl 




; :■■■ ! 



C = Commercial = 0° to +70°C I = Industrial = -40° to 85°C 
Parenthesis indicate future product plans 
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XC7272A 

72-Macrocell CMOS EPLD 


Product Specifications 


Features 

• Second-Generation High Density Programmable 
Logic Device 

• UV-erasable CMOS EPROM technology 

• 72 Macrocells, grouped into eight Function Blocks, 
interconnected by a programmable Universal 
Interconnect Matrix 

• Each Function Block contains a programmable AND- 
array with 21 complementary inputs, providing up to 
16 product terms per Macrocell 

• Enhanced logic features: 

- 2-input Arithmetic Logic Unit in each Macrocell 

- Dedicated fast carry network between Macrocells 

- Wide AND capability in the Universal Interconnect 
Matrix 

• Identical timing for all interconnect paths and for all 
Macrocell logic paths 

• 72 signal pins in the 84-pin packages 

- 42 I/Os, 12 inputs, 18 outputs 

• Each input is programmable 

- Direct, latched, or registered 

• l/O-pin is usable as input when Macrocell is buried 

• Two high-speed, low-skew global clock inputs 

• 68-pin and 84-pin leaded chip carrier packages and 
84-pin Pin-Grid-Array packages 


The functional versatility of the traditional programmable 
logic array architecture is enhanced through additional 
gating and control functions available in an Arithmetic 
Logic Unit (ALU) in each Macrocell. Dedicated fast arith¬ 
metic carry lines running directly between adjacent Macro¬ 
cells and Function Blocks support fast adders, subtractors 
and comparators of any length up to 72 bits. 


This additional ALU in each Macrocell can generate any 
combinatorial function of two sums of products, and it can 
generate and propagate arithmetic-carry signals between 
adjacent Macrocells and Functional Blocks. 

The Universal Interconnect Matrix (UIM) facilitates unre¬ 
stricted, fixed-delay interconnects from all device inputs 
and Macrocell outputs to any Function Block AND-array 
input. The UIM can also perform a logical AND across any 
number of its incoming signals on the way to any Func¬ 
tional Block, adding another level of logic without addi¬ 
tional delay. This supports bidirectional loadable synchro¬ 
nous counters of any size up to 72 bits, operating at the 
specified maximum device frequency 



As a result of these logic enhancements, the XC7272A can 
deliver high performance even in designs that combine 
large numbers of product terms per output, or need more 
layers of logic than AND-OR, or need a wide AND function 
in some of the product terms, or perform wide arithmetic 
functions. 


General Description 

The XC7272A is a second-generation High Density Pro¬ 
grammable Logic Device that combines the classical fea¬ 
tures of the PAL-like EPLD architecture with innovative 
systems-oriented logic enhancements. This favors the 
implementation of fast state machines, large synchronous 
counters and fast arithmetic, as well as multi-level general- 
purpose logic. Performance, measured in achievable sys¬ 
tem clock rate and critical delays, is not only predictable, 
but independent of physical logic mapping, interconnect 
routing, and resource utilization. Performance, therefore, 
remains invariant between design iterations. The propa¬ 
gation delay through interconnect and logic is constant for 
any function implemented in any one of the output Macro¬ 
cells. 


Automated design mapping and optimization is supported 
by Xilinx XEPLD development software based on design 
capture using third-party schematic entry tools, PLD com¬ 
pilers or direct text-based equation files. Design mapping 
is completed in a few minutes on a PC, or workstation. 

Architectural Overview 

Figure 1 shows the XC7272A structure. Eight Function 
Blocks (FBs) are all interconnected by a central UIM. Each 
FB receives 21 signals from the UIM and each FB pro¬ 
duces nine signals back into the UIM. All device inputs are 
also routed via the UIM to all FBs. Each FB contains nine 
output Macrocells that draw from a programmable AND 
array driven by the 21 signals from the UIM. Most Macro¬ 
cells drive a 3-state chip output, all feed back into the UIM. 
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Function Blocks and Macrocells 

The XC7272A contains 72 Macrocells with identical struc¬ 
ture, grouped into eight Function Blocks of nine Macrocells 
each. Each Macrocell is driven by product terms derived 
from the 21 inputs from the UIM into the Function Block. 

Five product terms are private to each Macrocell; an 
additional 12 product terms are shared among the nine 
Macrocells in any Function Block. One of the private 
product terms is a dedicated clock for the flip-flop in the 
Macrocell. See the description on page 3-24 for other 
clocking options. 

The remaining four private product terms can be selec¬ 
tively ORed together with up to three of the shared product 
terms, and drive one input to an Arithmetic Logic Unit. The 
other input to the ALU is driven by the OR of up-to-nine 
product terms from the remaining shared product terms. 

As a programmable option, two of the private product 
terms can be used for other purposes. One is the asyn¬ 
chronous active-High Reset of the Macrocell flip-flop, the 
other can be either an asynchronous active-High Set of 
the Macrocell flip-flop, or provide an active-High Output- 
Enable signal from any one of the Function Block inputs. 


The Arithmetic Logic Unit has two programmable modes: 
In the logic mode, it is a 2-input function generator, a 4-bit 
look-up table, that can be programmed to generate any 
Boolean function of its two inputs. It can OR them, widen¬ 
ing the OR function to max 16 inputs; it can AND them, 
which means that one sum of products can be used to 
mask the other; it can XOR them, toggling the flip-flop or 
comparing the two sums of products. Either or both of the 
sum-of-product inputs to the ALU can be inverted, and 
either or both can be ignored. The ALU can implement one 
additional layer of logic without any speed penalty. 

In the arithmetic mode, the ALU block can be programmed 
to generate the arithmetic sum or difference of two oper¬ 
ands, combined with a carry signal coming from the lower 
Macrocell; it also feeds a carry output to the next higher 
Macrocell. This carry propagation chain crosses the 
boundaries between Function Blocks, but it can also be 
configured 0 or 1 when it enters a Function Block. 

This dedicated carry chain overcomes the inherent speed 
and density problems of the traditional EPLD architecture, 
when trying to perform arithmetic functions like add, 
subtract, and magnitude compare. 


One Function Block 



Figure 2. Function Block and Macrocell Schematic Diagram 
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The ALU output drives the D input of the Macrocell flip-flop. 

Each flip-flop has several programmable options: 

One option is to eliminate the flip-flop by making it trans¬ 
parent, which makes the Q output identical with the D 
input, independent of the clock. 

If this option is not programmed, the flip-flop operates in 
the conventional manner, triggered by the rising edge on 
its clock input. 

The clock source is programmable: It is either the dedi¬ 
cated product term mentioned above, or it is one of the two 
global FastCLK signals that are distributed with short delay 
and minimal skew over the whole chip. 

The asynchronous Set and Reset (Clear) inputs override 
the clocked operation. If both asynchronous inputs are 
active simultaneously, Reset overrides Set. Upon power- 
up, each Macrocell flip-flop can be preloaded with either 0 
or 1. 

In addition to driving the chip output buffer, the Macrocell 
output is also routed back as an input to the UIM. When the 
Output Enable product term mentioned above is not ac¬ 
tive, this feedback line is forced High and thus disabled. 


Universal Interconnect Matrix 
The UIM receives 126 inputs: 72 from the 72 Macrocells, 
42 from bidirectional I/O pins, and 12 from dedicated input 
pins. Acting as an unrestricted crossbar switch, the UIM 
generates 168 output signals, 21 to each Function Block. 

Any one of the 126 inputs can be programmed to be 
connected to any number of the 168 outputs. The delay 
through the array is constant, independent of the apparent 
routing distance, the fan-out, fan-in, or routing complexity. 
Routability is not an issue: Any UIM input can drive any 
UIM output, even multiple outputs, and the delay is 
constant. 

When multiple inputs are programmed to be connected to 
the same output, this output becomes the AND of the input 
signals if the levels are interpreted as active High. By 
choosing the appropriate signal inversion in the Macrocell 
outputs and the Function Block AND-array input, this AND- 
logic can also be used to implement a NAND, OR, or NOR 
function, thus offering an additional level of logic without 
any speed penalty. 

A Macrocell feedback signal that is disabled by the output 
enable product term represents a High input to the UIM. 
Several such Macrocell outputs programmed onto the 


Macrocell 



Figure 3. Input/Output Schematic 


3-20 






KXILINX 


same UIM output thus emulating a 3-state bus line. If one 
of the Macrocell outputs is enabled, the UIM output as¬ 
sumes that same level. 

Outputs 

Sixty of the 72 Macrocells drive chip outputs directly 
through 3-state output buffers, each individually controlled 
by the Output Enable product term mentioned above. For 
bidirectional I/O pins, an additional programmable cell can 
optionally disable the output permanently. The buried flip- 
flop is then still available for internal feedback, and the pin 
can still be used as a separate input 

Inputs 

Each signal input to the chip is programmable as either 
direct, latched, or registered in a flip-flop. Latch and flip- 
flop can be programmed with either of the two FastCLK 
signals as latch enable or clock. The latch is transparent 
when FastCLK is High, and the flip-flop clocks on the rising 
edge of FastCLK. Registered inputs allow high system 
clock rates by pipelining the inputs before they incur the 
combinatorial delay in the device, in cases where a pipe¬ 
line cycle is acceptable. 

The direct, latched, or registered inputs then drive the UIM. 
There is no propagation-delay difference between pure 
inputs and I/O inputs. 

Programming and Using the XC7272A 

The features and capabilities described above are used by 
the Xilinx XEPLD development software to program the 
device according to the specification given either through 
schematic entry, or through a behavioral description ex¬ 
pressed in Boolean equations. 


The user can specify a security bit that prevents any 
reading of the programming bit map after the device has 
been programmed and verified. 

The device is programmed in a manner similar to an 
EPROM (ultra-violet light erasable read-only memory) 
using the Intel Hex or JEDEC format. Programming sup¬ 
port is available from a number of programmer manufac¬ 
turers. The UIM connections and Function Block AND- 
array connections are made directly by non-volatile 
EPROM cells. Other control bits are read out of the 
EPROM array and stored into latches just after power-up. 
This method, common among EPLD devices, requires 
either a very fast V C c rise time (<5 ps) or the application of 
a master-reset signal delayed at least until V cc has 
reached the required operating voltage. The latter can be 
achieved using a simple capacitor and pull-up resistor on 
the MR pin (the RC product should be larger than twice the 
V cc rise time). The power-up or reset signal initiates a self- 
timed configuration period lasting about 350 ps Preset). 
during which all device outputs remain disabled and pro¬ 
grammed preload state values are loaded into the macro¬ 
cell registers. 

Unused input and I/O pins should be tied to ground or Vcc 
or some valid logic level. This is common practice for all 
CMOS devices to avoid dissipating excess current 
through the input-pad circuitry. 

The recommended decoupling capacitance on the three 
V C c pins should total 1 pF using high-speed (tantalum or 
ceramic) capacitors. 



0 10 20 30 40 50 60 


Frequency (MHz) 


X3254 


Figure 4. Typical l cc vs Frequency for XC7272A Configured as Sixteen 4-bit Counters 

(V cc = +5.0 V, V, N = V cc or GND, all outputs open) 
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Absolute Maximum Ratings 


Symbol Parameter 

Value 

Units 

V C c 

Supply voltage relative to GND 

-0.5 to V cc +0.5 

V 

V|N 

Input voltage with respect to GND 

“0.5 to Vcc +0.5 

V 

V T S 

Voltage applied to 3-state output 

-0.5 to 7.0 

V 

Tstg 

Storage temperature 

-65 to + 150 

°C 

1 

Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) 

+ 260 

B! 


Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. 
These are stress ratings only, and functional operation of the device at these or any other conditions beyond 
those listed under Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for 
extended periods of time may affect device reliability. 

Operating Conditions 


Symbol Parameter 

Min 

Max 

Units 

< 

o 

o 

Supply voltage relative to GND Commercial T A = 0°C to 70°C 

4.75 

5.25 

V 

Supply voltage relative to GND Industrial T A = -40°C to 85°C 

4.5 

5.5 

V 

Supply voltage relative to GND Military T c = -55°C to 125°C 

4.5 

5.5 

V 

V,H 

High-level input voltage 

2.0 

V cc +0.5 

V 

V,L 

Low-level input voltage 

0 

0.8 

V 


DC Characteristics Over Operating Conditions 



Min 

Max 

Units 

VoH 

High-level output voltage @ Ioh = -4 mA , Vcc min 

2.4 


V 

VoL 

Low-level output voltage @ Iol = 8 mA , Vcc min 


0.5 

V 

•cc 

Supply current V IN = 0 V, V C c = Max, f = 0 MHz 

252 mA Typ 


■B 

Input Leakage current 



mu 

m 

Output High-Z leakage current 



mi 

C|N 

Input capacitance (sample tested) 


10 

PF 
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AC Timing Requirements 


Symbol 

Parameter 

Fig. 

XC7272A-25 

XC7272A-20 

*XC7272A-16 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

fCYC 
(Note 1) 

Max sequential toggle frequency 
(with feedback) using FastCLK 

6 

40 


50 


60 


MHz 

fCYCI 
(Note 1) 

Max sequential toggle frequency 

(with feedback) using a Product-Term clock 

6 

40 





B 

m 

f CLK 
(Note 5) 

Max Macrocell register transmission frequency 
(without feedback) using FastCLK 


59 




11 

B 


f CLK1 
(Note 5) 

Max Macrocell register transmission frequency 
(without feedback) using a Product-Term clock 


50 




mi 

B 

m 

f CLK2 
(Note 5) 

Max input register transmission frequency 
(without feedback) using FastCLK 


H 


B 



B 

mi 

f CLK3 
(Note 1) 

Max input register to Macrocell register pipeline 
frequency using FastCLK 

■ 

H 





B 

im 

tWL 

FastCLK Low pulse width 

11 

El 




6 


ns 



m 



D 




ns 

*W1 

Product-Term clock 
pulse width (active/inactive) 

ii 

H 


B 



B 

H 

*su 

Input to Macrocell register set-up time 
before FastCLK 

9 

H 


B 


■ 

B 

H 


Input to Macrocell register hold time 
after FastCLK 

9 

H 


B 


B 


ns 

l SU1 
(Note 1) 

Input to Macrocell register set-up time 
before Product-Term clock 

8 

H 


B 


B 

B 

B 

‘HI 

Input to Macrocell register hold time 
after Product-Term clock 

8 

H 


0 


0 

B 

B 

tsU2 

Input to register/latch set-up time 
before FastCLK 

H 

H 


8 


B 


ns 

l H2 

Input to register/latch set-up time 
after FastCLK 

H 

H 


B 


B 


ns 

*WA 

Set/Reset pulse width 

n 

12 


m 


8 


iig 

l RA 

Set/Reset input recovery set-up time before FastCLK 

D 

d 




■a 



l HA 

Set/Reset input hold time after FastCLK 

m 

El 


El 


El 



tRAI 

Set/Reset input recovery time before P-Term clock 

ii 

6 


5 


4 


n 

<HA1 

Set/Reset input hold time after P-Term clock 

ii 

9 


8 


6 


ns 

l HRS 

Set/Reset input hold time after Reset/Set inactive 


10 


8 


6 


ns 


'Commercial/Industrial Only 


X5211 
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Propagation Delays 


Symbol 

Parameter 

Fig. 

XC7272A-25 

XC7272A-20 

*XC7272A-16 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

tco 

FastCLK input to registered output delay 

11 

5 

16 

3 

mm 

3 

12 

ns 

•coi 

P-Term clock input to registered output delay 

11 

10 

30 

6 

El 

6 

21 

ns 

*AO 

Set/Reset input to registered output delay 

11 

13 

40 

8 

32 

8 

25 

ns 

tpDD 
(Note 1) 

Input to nonregistered output delay 

11 

13 

40 

8 

32 

8 

25 

ns 

k)E 

Input to output enable 

11 

11 

32 

7 

25 

7 


ns 

tQD 

Input to output disable 


11 

32 

7 

25 

7 


ns 


‘Commercial/Industrial Only 

Notes 1. Specifications account for logic paths which use the maximum number of available product terms and the ALU. 


Incremental Parameters 


Symbol 

Parameter 


XC7236A-25 



Units 

Min 

Max 





ipDTI 
(Note 2 ) 

Arithmetic carry delay 
between adjacent Macrocells 

H 


1.6 


1.2 


1 

ns 

*PDT 8 
(Note 2) 

Arithmetic carry delay through 9 
adjacent Macrocells in a Function Block 

H 


10 


H 


6 

ns 

•PDT9 
(Note 2) 

Arithmetic carry delay through 10 Macrocells from 
Macrocell #n to Macrocell #n in next F Block 

12 


H 


H 


10 

ns 

tCOF 

Incremental delay from FastCLK net 
to registered output feedback 

13 


■ 


■ 


1 

H 

*COF1 

Incremental delay from UlM-input (for P-Term clock) 
to registered Macrocell feedback 

13 


H 


12 


H 

H 

*COF 2 
(Note 3) 

Incremental delay from FastCLK net 
to latched/registered UlM-input 

13 


■ 


1 


■ 

ns 

tpDF 
(Note 1) 

Incremental delay from UlM-input 
to nonregistered Macrocell feedback 

13 


25 


19 


14 

ns 

*AOF 

Incremental delay from UlM-input (Set/Reset) 
to registered Macrocell feedback 

13 


25 


19 


14 

ns 

*OEP 

iODF 

Incremental delay from UlM-input (used as 
output-enable/disable) to Macrocell feedback 

13 






11 

ns 

t|N + 
<OUT 
(Note 4) 

Propagation delay 

through unregistered input pad (to UIM) 
plus output pad driver (from Macrocell) 

13 


15 


13 


11 

ns 


*Commercial/lndustrial Only XS 213 
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Power-up/Reset Timing Parameters 


Symbol 

Description 

Min 

Typ 

Max 

Units 

twMR 

Master Reset input Low pulse width 




ns 

trVCC 

V C c rise time (if MR not used for power-up) 



5 

ps 

Preset 

Configuration completion time (to outputs operational) 


350 

1000 

ps 


Notes 1. Specifications account for logic paths which use the maximum number of available product terms and the ALU. 


2. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for an adder with 

registered outputs. 

3. Parameter tcore is derived as the difference between the clock period for pipelining input-to-Macrocell registers (1/fcuo) 
and the non-registered input set-up time (t S u)- 

4. Parameter t, N represents the delay from an input or I/O pin to a UlM-input (or from a FastCLK pin to the Fast CLK net); 
toirr represents the delay from a Macrocell output (feedback point) to an output or I/O pin. Only the sum of t^ + tom can 
be derived from measurements, e.g., t, N + tom = tsu + tco - 1/fcvc- 

5. Not tested but derived from appropriate pulse-widths, set-up time and hold-time measurements. 
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Timing and Delay Path Specifications 

The delay path consists of three blocks that can be 
connected in series: 

• Input Buffer and associated latch or register 

• Logic Resource (UIM, AND-array and Macrocell) 

• Three-state Output Buffer 

All inputs have the same delay, regardless of fan-out or 
location. All logic resources have the same delay, regard¬ 
less of logic complexity, interconnect topology or location 
on the chip. All outputs have the same delay. The achiev¬ 
able clock rate is, therefore, determined only by the input 
method (direct, latched or registered) and the number of 
times a signal passes through the combinatorial logic. 

Timing and Delay Path Descriptions 

Figure 6 defines the max clock frequency (with feedback). 
Any Macrocell output can be fed back to the UIM as an 
input for the next clock cycle. Figure 6 shows the relevant 
delay path. The parameters f CYC and f YQ1 specify the 
maximum operating frequency for FastCLK and product- 
term clock operation respectively. 

Figure 7 specifies the max operating frequency (f CLK3 ) for 
pipelined operation between the input registers and the 
Macrocell registers, using FastCLK. 


Figure 8 defines the set-up and hold times from the data 
inputs to the product-term clock used by the output 
register. 

Figure 9 defines the set-up and hold times from the data 
inputs to the FastCLK used by the output register. 

Figure 10 defines the set-up and hold times from the data 
input to the FastCLK used in an input register. 

Figure 11 shows the waveforms for the Macrocell and 
control paths 

Figure 12 defines the carry propagation delays between 
Macrocells and between Function Blocks. The parameters 
describe the delay from the C |N , D1 and D2 inputs of a 
Macrocell ALU to the C |N input of the adjacent Macrocell 
ALU. These delays mustbe added to the standard Macro¬ 
cell delay path (t pD or t su ) to determine the performance of 
an arithmetic function. 

Figure 13 defines the incremental parameters for the 
standard Macrocell logic paths. These incremental param¬ 
eters are used in conjunction with pin-to-pin parameters 
when calculating compound logic path timing. Incremental 
parameters are derived indirectly from other pin-to-pin 
measurement. 


UIM Function Block 


Input or 
I/O Pin 



Output or 
I/O Pin 


FASTCLK or 
Product Term Clock 


1/fCYC, 1/fCYC1 



\_ t 

i 

lx 




Macrocell Register 
Output 


X 


X3279 


Figure 6. Delay Path Specifications for f C yc and f C vci 
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UIM Function Block 



Figure 7. Delay Path Specification for f CLK3 


UIM Function Block 



Figure 8. Delay Path Specification for t $u1 and t m 
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UIM Function Block 


Input or 
I/O Pin 


FASTCLK 

Pin 



Output or 
I/O Pin 


FASTCLK 

Input / 

t — 


, . *SU 




-tH 


Input or WV\ 

I/O Pin AA/J 

y Data ^ 



X3282 


Figure 9. Delay Path Specification for t su and t H 


UIM 




Figure 10. Delay Path Specification fortg U2 and t H2 
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Registered Y/\ 
Inputs f\J 

( > 

( ) 


t tsU2* ^ *H2* 

<SU2* ^H2* 


tWL 


Active Y Inactive ^ 


<WH 


* tsu2 and tn 2 are measured with respect to the high-going 
edge of FastCLK for registered inputs, and with respect to 
the low-going edge of FastCLK for latched inputs. Only the 
high going edge is used for clocking the macrocell registers. 


Input Used 
as Clock 


twi 


Unlatched 

Inputs 


X 


tsu 


twi 


Active ^ Inactive 


tsui 


tHI 


h*-t H 


mac 


tPD 


Non-Registered 

Outputs 


Registered 

Outputs 







... S 

_/ 


tc 

too 

:oi 



\ 

_ / 

r 


I 


JOD 


Joe 


— 


a—< 



y ^ Active ^ Inactive y ^Active 


Jhai 


JwA 


Valid Reset/Set 


Jrai 


Reset/Set 

De-Asserted 


<AO 


Figure 11. Principal Pin-to-Pin Measurements 


'PDF 



Figure 12. Arithmetic Timing Parameters 


3-29 






XC7272A CMOS EPLD 


UIM 


Function Block 


Input or 
I/O Pin 


Input or 
I/O Pin 


Input or 
I/O Pin 


FASTCLK 

Pin 



Output or 
I/O Pin 


Output or 
I/O Pin 


Output or 
I/O Pin 


X3288 


Figure 13. Incremental Timing Parameters 
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A Pinouts 
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Ordering Information 


XC7272A -16 PC 84 C 


Device Type 


3 



Temperature 

Range 


Speed 


1 - Number of Pins 


1 — Package Type 


Speed Options 




-25 

25 ns (40 MHz) sequential cycle time 




-20 

20 ns (50 MHz) sequential cycle time 




-16 

16 ns (60 MHz) sequential cycle time 





(commerial and industrial only) 




Package 

Options 

Temperature Options 

PC68 

68 -Pin Plastic Leaded Chip Carrier 

C 

Commercial 

0°C to 70°C 

WC68 

68 -Pin Windowed Ceramic Leaded Chip 

1 

Industrial 

-40°C to 85°C 


Carrier 

M 

Military 

-55°C (Ambient) to 125°C (Case) 

PC84 

84-Pin Plastic Leaded Chip Carrier 




WC84 

84-Pin Windowed Ceramic Leaded Chip 
Carrier 




PG84 

84-Pin Ceramic Windowed Pin Grid Array 





m 


Component Availability 


Pins 

44 

68 

84 

Type 

Plastic 

PLCC 

Ceramic 

CLCC 

Plastic 

PLCC 

Ceramic 

CLCC 

Plastic 

PLCC 

Ceramic 

CLCC 

Ceramic 

PGA 

Code 

PC44 

WC44 

PC68 

WC68 

PC84 

WC84 

PG84 

-25 



Cl 

Cl 

Cl 

CIM 

Cl 

XC7272A-20 



Cl 

Cl 

Cl 

CIM 

Cl 

-16 



Cl 

Cl 

Cl 

Cl 

Cl 


C = Commercial = 0° to +70°C I = Industrial = -40° to 85°C 
Parenthesis indicate future product plans 
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Package Outlines 























Package Outlines 



Top View Dimensions are in millimeters 

Dimensions in parenthesis are in inches 
Lead Pitch 0.80 mm 


2.00 



44-Pin PQFP (PQ44) 
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Package Outlines 



84-Pin Ceramic PGA (PG84) 
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144-Pin Ceramic PGA (PG144) 





Package Outlines 



Dimensions in Inches 

Lead Pitch 0.0256 sw * v ** w X3064 


160-Pin Plastic PQFP (PQ160) 



Top View 


09 

0.6 


J - 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

J 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

=oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

*\_ 

jOOOOOOOC 

/0000000( 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

oooooooc 

s_ 


123456789 1011^2131415 


Bottom View N. PbSn Solder Baits 



225-Pin Plastic BGA (BG225) 




R ooooooooooooooo 
P ooooooooooooooo 
N ooooooooooooooo 
M ooooooooooooooo 
l nnnnnnnoooooooo 

Call Factory for 225-Pin 80000000 

Windowed Ball Grid Array, 80000000 
Dimensions >0660600000000 

wiiiiciwiwiw jooooooooooooo 

D OOOOOOOOOOOOOOO 
C OOOOOOOOOOOOOOO 

B ooooooooooooooo 
A ooooooooooooooo 



225-Pin Windowed BGA (WB225) 




Package Outlines 
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XEPLD 5.1 Xilinx EPLD 
Development System 


XEPLD 5.1 is the design implementation software for 
Xilinx EPLDs, providing a complete low-cost, user-friendly 
design environment for processing behavioral, schematic, 
and VHDL/HDLdesigns on PC, Sun-4, HP700, and RS6000 
platforms. 

XEPLD 5.1 Key Features 

VHDUHDL support 

• Use Synopsys, Exemplar Logic and ViewSynthesis to 
synthesize designs for Xilinx XC7000 EPLDs 

Automatic Optimization, Minimization, Partitioning and 
Mapping 

• Designs are automatically optimized, partitioned and 
mapped into the device for optimal efficiency and 
design performance 

Complete control of all device resources 

• Advanced users can easily fine-tune every aspect of 
their design with full control of the XEPLD fitter 
optimizations 

Dual-Block™ architecture support for high speed and 
high density 

• Users can easily flag critical paths for automatic 
partitioning of high speed logic into Fast Function 
Blocks and dense logic into High Density Function 
Blocks 

SMARTswitch m 

• Automatic use of the Universal Interconnect Matrix 
(UIM™) logic capability results in higher density and 
increased speed 

Preserves Pinouts During Design Changes 

• Automatic use of the Universal Interconnect Matrix 
100% routing capability eliminates delays and costly 
printed circuit board rework 

Static Timing Report 

• Provides a complete pin-to-pin timing report of the 
design 


Schematic Design Entry 

XEPLD provides an open environment allowing designers 
to choose from a variety of schematic entry and simulation 
tools such as those from OrCAD, ViewLogic, Mentor 
Graphics, and Cadence Design Systems. 

• Comprehensive unified component library allows you 
to use Xilinx EPLDs and FPGAs. 

• Functional and timing verification with simulators such 
as Viewlogic ViewSim, OrCAD VST, Mentor QuickSim 
and Cadence Verilog and RapidSim. 

• Board level simulation using EPLD models available 
from Logic Modeling Corporation. 

Behavioral Design Entry 

XEPLD operates as a complete stand-alone fitter or as an 
embedded fitter within PLD compilers such as ABEL, 
Xilinx ABEL, CUPL, and PALASM. 

• Take advantage of the PLD compiler’s high-level 
design entry methods such as state machines, truth 
tables and Boolean equations for implementing 
complex designs in a familiar HDL format 

• Operates entirely within the PLD compiler environ¬ 
ment when used as an embedded fitter 

• Automatically processes Boolean equation test files 
and PLD compiler output files when used as stand¬ 
alone fitter 

• PAL conversion utility automatically consolidates 
multiple PAL files into a single Xilinx XC7000 EPLD 

Fully Automatic Features 

More Logic With SMARTswitch 
The SMARTswitch feature of XEPLD increases the effec¬ 
tive logic capacity of the device by exploiting the AND-gate 
logic inherent in the Universal Interconnect Matrix (UIM) 
interconnect structure of Xilinx EPLDs. 

The UIM provides 100% routing for all designs. It is 
composed of an AND array that is used not only for 
interconnecting macrocells but also for implementing ad¬ 
ditional levels of logic, with no additional delay. 

SMARTswitch automatically analyzes your design, look¬ 
ing for DeMorgan equivalent functions that can be imple¬ 
mented in the UIM. Very wide zero-delay AND, OR, NAND 
and NOR gates can be created. Other functions such as 
terminal count signals for long counters and intermediate 
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expressions for complex state machines are also imple¬ 
mented in the UIM automatically. SMARTswitch provides 
a significant improvement in design performance without 
user intervention and the results are fully reported. 

PAL Conversion 

PAL designs such as those targeted for the 22V10 or 16V8 
can be automatically converted for use in Xilinx EPLDs. 
XEPLD reads and combines the PAL files, optimizes the 
equations, identifies the I/O requirements and fits the 
resulting design into any target device. With XEPLD it is 
easy to combine multiple PAL designs into high density 
EPLDs to save power, space, and money. 

• Redesign is not required. 

• 100% routing via the UIM which guarantees that 
converted PAL designs will interconnect as they 
appear in the original design. 

• Fast Function Blocks are used as high-speed PAL 
targets. With 5 ns pin-to-pin delay, they operate at up 
to 167 clock frequency. 

• High Density Function Blocks are used as complex 
PAL targets. With up to 17 product terms per output, 
they operate at 95 MHz, including the interconnect. 

• 100% routing via the UIM guarantees that converted 
PAL designs will interconnect as they appear in the 
original design. 

• XEPLD converts, optimizes, and maps PALs into an 
EPLD, typically in less than 5 minutes on a PC. 

XEPLD Stand-alone Design Environment 

There are three steps involved in designing Xilinx EPLDs: 

1) design entry, 2) implementation, and 3) verification. 

1) Using familiar front-end tools, enter designs using 
behavioral equations, VHDL/HDL or schematics. 
Mixed-mode entry is also supported allowing one to 
embedded behavioral blocks such as state machines 
and PAL descriptions in schematics 

2) XEPLD implements the design in the chosen 
XC7000 EPLD, automatically optimizing, partitioning 
and mapping the design for greatest efficiency and 
highest performance 

3) Verify the design by reviewing fitter reports such as 
the Static Timing Report. The implemented design 
can also be simulated using a variety of third party 
timing simulators. 


Embedded Third-Party Compiler Environments 

Xilinx licenses its fitter technology to third-party develop¬ 
ment tool vendors, giving you the flexibility and versatility 
of industry standard design software environments with 
the speed, density, and routability of Xilinx EPLDs. 

The Xilinx XEPLD fitter is fully integrated into the ABEL and 
CUPL design environments to ensure ease-of-use and to 
provide the most efficient optimization and fitting. For price 
and delivery information on these embedded third-party 
fitters, contact the development tool manufacturer. 

XEPLD Provides Efficient EPLD Design 
Solutions 

New users can quickly produce high performance, efficient 
designs with little effort because XEPLD 5.1 is easy to learn, 
easy to use, and provides a full range of automatic features. 
A detailed understanding of the Xilinx EPLD architecture is 
not required, however advanced users can override any of the 
automatic features and fine-tune every aspect of the design. 
XEPLD 5.1 is a total stand-alone solution for creating Xilinx 
EPLD designs. Now priced at only $89.95 for the PC version, 
the benefits of this comprehensive development environment 
are available to every designer. 


Ordering Information 



Part Number 

PC 

Sun 

HP700 

IBM RS6000 

Tools: 1 

XEPLD 

DS-550 * 

-PCI 

-SN2 

-HP7 

2H94 

Xilinx Abel 

DS-371 

-PCI 

-SN2 

- 

- 

Interfaces: 1 

Viewlogic 

DS-290/390 

-PCI 

-SN2 

-HP7 

- 

OrCAD 

DS-35 

-PCI 

- 

- 

- 

Mentor 

DS-344 

- 

-SN2 

-HP7 

- 

Synopsys 

DS-401 

- 

-SN2 

-HP7 

- 

Cadence 

- 

Supported directly by Cadence 


* The DS-550 is also available in the Base, Standard and Extended 
software packages. 
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Using ABEL and the DS-550 


ABEL can be used to generate design files that can be 
processed by the DS-550. An automatic translation 
program, PLA2EQNX, translates the ABEL-generated 
.TT2 file into an equation file that can be read by the 
DS-550. 

PLA2EQNX is included in the DS-550 v5.1. It can also 
be downloaded, in compressed format, from the 
SWHELP area of the Xilinx BBS. The filenames are 
ABEL2XP.ZIP (for PCs) and ABEL2XS.ZIP (for worksta¬ 
tions). Unzip the file and place the executable in your 
\xact directory. 

ABEL 

The ABEL source code should be device-independent. 
Instead of targeting a specific device in the ABEL device 
statement, use the device-independent format shown 
below: 

design_name device; 

Note: Only single product term expressions are allowed 
for asynchronous register set, reset, output enable and 
docks in ABEL code forXC7000 devices. Also, signals 
assigned to the XC7000global FASTCLOCKand FOE 
nets can’t be used in logic equations. The DS-550 
generates PLUS ASM syntax errors if these design rules 
are violated. 

Then compile and optimize the design as follows: 

1.COMPILE -> COMPILE on the source code, 
design.ABL generates design.TTI 
2.OPTIMIZE -> OPTIONS -> Reduce by Pin, 
Autopolarity selects the most efficient optimization 
options for the Xilinx XC7000 devices. 

3.0PTIMIZE -> REDUCE performs boolean minimiza¬ 
tion of your logic in the design.TTI file and generates 
the design.TT2 file 


PLA2EQNX 

PLA2EQNX translates the design.TT2 file to a PLUS- 
ASM top-level equation file, design.PLD. This file can be 
processed by the DS-550 without any modifications. 
From the command line type: 

pla2eqnx design.tt2 -Ian plus -str topjevel 

XDM 

Invoke XDM and select either the XC7200 or XC7300 
family, and your target device and speed grade. Then 
use the FITTER -> FITEQN command to compile the 
design.PLD file. 

Translation Options 

ABEL can also be used to generate equation files that 
can be linked to a symbol in a schematic design. If the 
ABEL code is for a standard 20 or 24 pin PAL, there is 
no need to change the device statement in the original 
ABEL source code. Just compile and optimize the 
design for that PAL type to generate the .TT2 file. From 
the command line type: 

pla2eqnx design.tt2 -Ian plus 

Then follow the instructions in the Using PLD Files in 
Schematics chapter of the XEPLD Design Guide to link 
the design.PLD equation file to the symbol and process 
the design. 

If the ABEL code is a behavioral module not already 
implemented in a low density PAL, write the design in 
device independent format, then compile and optimize 
the design. From the command line type: 

pla2eqnx design.tt2 -Ian plus 

Then follow the instructions in the XEPLD Schematic 
Design Guide to create a custom symbol for the behav¬ 
ioral module. 
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Using CUPL and the DS-550 


CUPL Total Designer v4.5 contains a fitter that can be 
used to target Xilinx XC7000 devices from within the 
CUPL design environment. Other versions of CUPL can 
be used to generate design files that can be processed by 
the DS-550, as illustrated in this document. These design 
files may require an extra step with a text editor because 
CUPL generates files with extra, but truncated, SETF and 
RSTF equations. 

CUPL 

Use CUPL to translate equation files for 20 and 24-pin 
PALs into a PLUSASM-compatible equation file for pro¬ 
cessing by the DS-550. 

Type the following at the command line to create the 
design.PDS file: 

cupl -c design.pld 

After editing, the design.PDS file is ready to be processed 
by the DS-550’s PALCONVT utility. 

CUPL source code for a device-independent design can 
also be written, then translated to PLUSASM format. To 
write device-independent CUPL code, use the VIRTUAL 
device in the CUPL device statement as shown below: 

Device virtual; 

Note 1: Only single product term equations are allowed for 
asynchronous register set, reset, output enable and 
docks in CUPL code forXC7000 devices. Also, signals 
assigned to the XC7000 global FASTCLOCK and FOE 
nets can 7 be used in logic equations. The DS-550gener¬ 
ates PLUSASM syntax errors if these design rules are 
violated. 

Note 2: When compiling the design, CUPL will issue a 
warning message that VIRTUAL is an unrecognized 
device type and then substitute USER for the device type 
in the design.PDS file’s chip statement. 


Text Editor 

Use a text editor to remove extra signaLname.SETF and 
signaLname.RSTF equations from the CUPL generated 
equation file. These equations will be easy to spot be¬ 
cause there will be no logical expressions to the right of 
the sign. 

Figure 1. Truncated SETF/RSTF Equations 

a = b 
a.setf = 
a.setf = 
a.rstf = 
a.rstf = 

XDM 

Invoke PALCONVT following the instructions in the XACT 
5.0 XEPLD Design Guide. Be sure to use the CREATE 
NEW PLD AND PAL INTERCONNECT REPORT option 
and review the Top-Level file before running FITEQN on it. 
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Using PALASM4 and the 
DS-550 


PALASM4 can be used to generate design files that can be 
processed by the DS-550. The flow for PALASM4 requires an 
extra step using a text editor because PALASM4 generates 
files with a pinlist that is PLUSASM incompatible. 

PALASM4 

1. RUN -> COMPILATION on the source code, 
design.PDS 

2. RUN -> OTHER OPERATIONS -> DISASSEMBLE 
FROM -> INTERMEDIATE FILE creates design.PL2. 
This file contains PLUSASM-compatible equations, and 
a pinlist that is not PLUSASM compatible. 

Note: Extended memory versions of PALASM4 vl.5 
executables maybe needed to remove nested parenthesis 
from the PL2 file. 

Text Editor 

Use a text editor to remove pin numbers and signal types 
from the pinlist. All that should remain between the chip 
statement and the equations keyword is a list of all signals in 
the design. Change the extension of the design.PL2 file to 


.PLD so the file will show up in the list of design files to be 
operated on by PALCONVT. 

Unlike some other PAL compilers, PALASM4 does not insert 
NC's to represent unused pin positions. XEPLD recognizes 
the implied functionality of 22V10s and 20V8s. If the equation 
file came from these 24-pin PALs, the GND and Vcc pins 
must appear in the correct location in the pinlist. Insert NCs 
in the pinlist so that GND and V C c appear in pin positions 12 
and 24, respectively. 

This can also be an issue for other PAL types when doing 
schematic-based designs and using the same pinout for the 
PAL component in the schematic as in the original design. 
Pin numbers are matched with signal names in a PLD file 
according to their relative order in the pinlist. 

XDM 

Invoke PALCONVT following the instructions in the XACT 
5.0 XEPLD Design Guide. Be sure to use the CREATE NEW 
PLD AND PAL INTERCONNECT REPORT option so you 
can review the Top-Level file before you run FITEQN on it. 



PL2 File Pinlist Generated by PALASM4 

TITLE TUTOR9.PDS 

PATTERN A 

REVISION 2.0 

AUTHOR J.ENGINEER 

COMPANY ADVANCED MICRO DEVICES 

DATE 01/01/90 

CHIP ANSWER PAL22V10 

PIN 1 CLOCK COMB 

PIN 2 DIALTONE COMB 

PIN 3 RING COMB 

PIN 4 ENDGREETING COMB 

PIN 5 ENDMESSAGE COMB 

PIN 12 GND 

PIN 17 ANSWER REG 

PIN 18 PLAY REG 

PIN 19 RECORD REG 

PIN 23 /_ST0 

PIN 24 VCC 


EQUATIONS 


EDITED PINLIST 

TITLE TUTOR9.PDS 

PATTERN A 

REVISION 2.0 

AUTHOR J.ENGINEER 

COMPANY ADVANCED MICRO DEVICES 

DATE 01/01/90 

CHIP ANSWER PAL22V10 

CLOCK 

DIALTONE 

RING 

ENDGREETING 
ENDMESSAGE 
NC NC NC NC NC NC 
GND 

NC NC NC NC 

ANSWER 

PLAY 

RECORD 

NC NC NC 

/_ST0 

VCC 

EQUATIONS 
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Xilinx HW-130 Programmer 


The Xilinx HW-130 Programmer is an easy-to-use, desk¬ 
top unit for quick programming of all Xilinx nonvolatile 
devices. The HW-130 has its own interface software 
which enables the user to select a device and download 
its algorithm to the programmer, ensure that the device is 
blank, program the device, and verify that the device has 
been programmed correctly, the software also includes 
on-line help. 

Programs all Xilinx Nonvolatile Devices 

• XC1700 Serial PROMs 

• XC7000 EPLDs 

• XC8100 FPGAs 

• Supports all packages 
System Requirements 

• Any IBM PC compatible (Requires 512kB RAM) 

• MS-DOS version 3.3 or higher 

• 3.5” Floppy disk drive 

• Hard disk drive (Requires 1 Mbytes hard disk space) 

• RS-232 serial port 

• Mouse (recommended) 

Programmer Accessories 

• Interface software 

• Domestic/International power supply with cord and 
adapter 

• Serial cable with DB9 connector 

• User manual 

Programmer Functional Specifications 

• Device programming and verification 

• Security control 

• PROM Reset Polarity Control 

• Checksum calculation and comparison 

• Blank check and signature ID tests 

• File transfer and comparison 

• Master device program upload 

• Self check and auto calibration 


Programmer Electrical Requirements and 
Physical Specifications 

• Operating voltage: 100 - 250 V AC, 50 - 60 Hz 

• Power consumption: 0.3 A 

• Dimensions: 6” X 7.75” X 2” 

• Weight: 1 lb. 

• Safety standards: Approved by UL, CSA, TUV 

Socket Adapters 

All package styles are supported including PLCC, PQFP, 
BGA, SOIC, PGA, and DIP. 


Adapter 

Part Number 

Product 

Family 

Package 

Type 

HW-132-PC44 

XC7200A 

PLCC/CLCC 44 

HW-132-PC68 

XC7200A 

PLCC/CLCC 68 

HW-132-PC84 

XC7200A 

PLCC/CLCC 84 

HW-132-PG84 

XC7200A 

PGA 84 

HW-133-PC44 

XC7300 

PLCC/CLCC 44 

HW-133-PQ44 

XC7300 

PQFP 44 

HW-133-PC68 

XC7300 

PLCC/CLCC 68 

HW-133-PC84 

XC7300 

PLCC/CLCC 84 

HW-133-PQ100 

XC7300 

PQFP 100 

HW-133-PG144 

XC7300 

PGA 144 

HW-133-PQ160 

XC7300 

PQFP 160 

HW-133-BG225 

XC7300 

BGA 225 

HW-137-PD8 

XC1700 

DIP 8 

HW-137-PC20 

XC1700 

DIP 20 

HW-138-PC84 

XC8000 

PLCC 84 


Programming Algorithm Updates 

The latest programming algorithms are available 24 hours 
a day via the Xilinx BBS (408-559-9327). 
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XC7236 


XC7236A 


XC7272A 


XC7318 


XC7336 


Advin Systems, Inc. 


1050-L East Duane Ave 
Sunnyvale, CA 94086 
(408)243-7000 

Pik>t-U40 

Pilot-U84 

V10.77E 

Pilot-U40 

PHot-U84 

V10.77E 

Pilot-U40 

Pilot-U84 

V10.77E 

Pilot-U40 

Pilot-U84 

V10.77E 

Pilot-U84 

V10.78B 

Pilot-U84 

V10.78B 

BP Microsystems 

1000 N. Post Oak Road 

Suite 225 

Houston, TX 77065-7237 
(800)225-2102 

BP-1200 

V2.32 

BP-1200 

V2.32 

BP-1200 

V2.34 

BP-1200 

V2.34 

BP-1200 

V3.01 

BP-1200 

V3.01 

B&C Microsystems 

750 North Pastoria Ave 

Sunnyvale, CA 94086 
(408)730-5511 

Proteus 

v3.6j 

Proteus 

v3.6j 

Proteus 

v3.7h 

Proteus 

v3.7h 

Proteus 

v3.7k 

Proteus 

v3.7k 

Data I/O Corporation 

10525 Willows Road N.E. 

P.0. Box 97046 

Redmond, WA 98073-9746 
(206) 881-6444 

Unisite 

v4.3 

Unisite 

v4.6 

Unisite 

v4.5 

Unisite 

v4.5 

Unisite 

v4.7 

MEuM 

2900 

v3.4 




2900 

v3.5 

■ 


■ 

HI 

3900 

v2.3 

3900 

v2.3 

3900 

v2.5 

■ 

Autosite 

v2.4 

Autosite 

v2.4 

Autosite 

v2.3 

Autosite 

v2.3 

Autosite 

v2.5 

Autosite 

v2.5 

Deus Ex Machine Engineering 
1390 Carling Drive 

Suite 108 

St Paul, MN 55108 
(612) 645-8088 

XPGM 

vl.00 

XPGM 

vl.00 

XPGM 

vl.00 

XPGM 

vl.00 

XPGM 

vl.00 

XPGM 

vl.00 

Elan Digital System Ltd. 

Elan House 

Little Park Farm Road 

Segenworth West 

Fareham, Hampshire 

United Kingdom 

P015 5SJ 

44-489-579799 

6000 APS 
K2.04 

6000 APS 
K2.04 

6000 APS 
K2.06 

6000 APS 
K2.06 


6000 APS 
K2.13 

HI-LO Systems Research 

4F, No2, Sec5 

Ming Shen E. Road 

Taipei, Taiwan ROC 
886-2-7640215 

A1I-03A 

V3.01 

All-07 

V3.01 

AII-03A 

V3.01 

All-07 

V3.01 

AII-03A 

V3.00 

All-07 

V3.00 

AII-03A 

V3.00 

All-07 

V3.00 

AII-03A 

V3.04 

AH-07 

V3.02 


ICE Technology Ltd. 

Unit 4 

Penistone Court 

Station Buildings 

South Yorkshire 

United Kingdom 

S306HG 

44-226-767404 

Micromaster 

1000/E 

vXI.OO 

Micromaster 

1000/E 

vXI.OO 

Micro master 
1000/E 
vXI.OO 

Micromaster 

1000/E 

vXI.OO 

Micromaster 

1000/E 

vXI.OO 

Micromaster 

1000/E 

vXI.OO 

Speedmaster 

1000/E 

vXI.OO 

Speedmaster 

1000/E 

vXI.OO 

Speedmaster 

1000/E 

vXI.OO 

Speedmaster 

1000/E 

vXI.OO 


Speedmaster 

1000/E 

vXI.OO 

Micromaster 

LVvXI.OO 

Micromaster 

LVvXI.OO 

Micromaster 

LVvXI.OO 

Micromaster 

LVvXI.OO 

Micromaster 

LVvXI.OO 

Micromaster 

LVvXI.OO 

Speedmaster 

LVvXI.OO 

Speedmaster 

LVvXI.OO 

Speedmaster 

LVvXI.OO 

Speedmaster 

LVvXI.OO 

Speedmaster 

LVvXI.OO 

Speedmaster 

LVvXI.OO 



BP-1200 

V3.01 

(44-pin pkg 
only) 



6000 APS 
K2.13 


All-07 

v3.02 

Micromaster 
1000/E 
vXI.OO 
Speed master 
1000/E 
vXI.OO 


Micromaster 
LV vXI.OO 


Speed master 
LVvXI.OO 


XC7372 

XC73108 

Pilot-U84 

V10.78B 

Pilot-U84 

vlO.79 

Contact 

Manu¬ 

facturer 

BP-1200 

V3.06A 

Contact 

Manu¬ 

facturer 

Proteus 

v3.6j 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

XPGM 

vl.10 

XPGM 

vl.10 

6000 APS 
K2.13 

6000 APS 
K2.13 

All-07 

V3.01 

AII-03A 

V3.00 

All-07 

V3.00 

Micromaster 

1000/E 

vXI.OO 

Micromaster 

1000/E 

vXI.OO 

Speedmaster 

1000/E 

vXI.OO 

Speedmaster 

1000/E 

vXI.OO 

Micromaster 

LVvXI.OO 

Micromaster 

LVvXI.OO 

Speedmaster 

LVvXI.OO 

Speedmaster 

LV vX1.00 
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Logical Devices 

264 Southwest 12th Ave 

Deerfield Beach, FL 33442 

XC7236 

XC7236A 

XC7272 

XC7272A 

XC7318 

XC7336 

XC7354 

XC7372 

XC73108 

XC73144 

ALLPRO-88 

v2.2 

XPRO-1 

vl.01 

ALLPRO-88 

v2.2 

XPRO-1 

vl.01 

XPRO-1 

vl.01 

XPRO-1 

vl.01 

XPRO-1 

vl.01 

XPRO-1 

vl.01 

XPRO-1 

vl.01 

Contact 

Manu¬ 

facturer 

ALLPRO-88XR 

vl.35 


XPRO-1 

vl.01 

XPRO-1 

vl.01 

MQP Eelectronicsn Ltd. 

Unit 2 

Park Road Centre 

Malmesbury, Wilts 

United Kingdom 

SN16 0BX 

44-666-825146 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

SMS GmbH 

Im Grund 15 

D-88239 Wangen, Germany 
49-7522-97280 

SMS North America 
(206) 883-8447 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Stag Programmers Ltd. 

Silver Court Watchmead 

Welwyn Garden City 

Herts 

United Kingdom 

A171LT 

44-707-332148 

Stag Microsystems 

1600 Wyatt Drive 

Suite 3 

Santa Clara, CA 95054 
(408) 988-1118 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Eclipse 

v4.10.31 

Eclipse 

v4.10.31 

Eclipse 

v4.10.31 

Eclipse 

v4.10.31 

Eclipse 

v4.10.31 

Contact 

Manu¬ 

facturer 

System General 

1603A South Main Street 

Milpitas, CA 95035 
(408) 263-6667 

TURPRO-1 

V2.12 

TURPRO-1 

V2.12 

TURPRO-1 

v2.12 

TURPRO-1 

V2.12 

TURPRO-1 

v2.2 

TURPRO-1 

v2.2 

TURPRO-1 

v2.2 

TURPRO-1 

v2.2 

TURPRO-1 

v2.2 

Contact 

Manu¬ 

facturer 

TURPRO-1 FX 
v2.12 

TURPRO-1 FX 
V2.12 

TURPRO-1 FX 
v2.12 

TURPRO-1 FX 
V2.12 

Tribal Microsystems 

44388 S. Grimmer Blvd. 

Fremont, CA 95438 
(510)623-8859 

TUP-300 

v3.0 

TUP-300 

v3.0 

■ma 

TUP-300 

v3.0 

All-07 

V3.02 

All-07 

v3.02 

All-07 

V3.02 

All-07 

V3.01 

All-07 

V3.00 

Contact 

Manu¬ 

facturer 

TUP-400 

v3.0 

TUP-400 

v3.0 

TUP-400 

v3.0 

TUP-400 

v3.0 

FLEX-700 

v3.0 

FLEX-700 

v3.0 

FLEX-700 

v3.0 

FLEX-700 

v3.0 

Xeltek 

757 North Pastoria Avenue 
Sunnyvale, CA 94086 
(408)524-1934 

SUPERPRO 

V1.17C 

SUPERPRO 

v2.2 

SUPERPRO 

v2.1 

SUPERPRO 

v2.1 

SUPERPRO 

v2.1 

SUPERPRO 

v2.1 

SUPERPRO 

v2.1 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

Contact 

Manu¬ 

facturer 

SUPERPRO II 
\rt.17C 

SUPERPRO II 
v2.2 

SUPERPRO II 
v2.1 

SUPERPRO II 
v2.1 

SUPERPRO II 
v2.1 

■n 

SUPERPRO II 
v2.1 
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£ XILINX 


Xilinx Quality Assurance 


Quality Assurance Program 

Quality Assurance encompasses all aspects of company 
business. Xilinx continually strives to improve quality to 
meet customer’s changing needs and expectations. To do 
this, the company is dedicated to the following. 

•To provide a broad range of products and services that 
satisfy both the expectations of customers and the 
company’s stringent quality standards. 

• To emphasize open communication with customers and 
suppliers, supported with the necessary statistical data. 

• To continually improve the quality of Xilinx products, 
services, and company efficiency 

• To maintain a work environment that fosters quality and 
reliability leadership and excellence. 

From its inception, Xilinx has been committed to delivering 
the highest quality, most reliable programmable logic 
available. A strong Quality Assurance and Reliability pro¬ 
gram begins at the initial design stages and is carried 
through to final shipment. An extensive, on-going reliabil¬ 
ity-testing program is used to predict the field performance 
of all Xilinx devices. 

These tests provide an accelerated method of emulating 
long-term system operation in severe field environments. 
From the performance of the devices during these tests, 
predictions of actual field performance under a variety of 
conditions can be easily calculated. 

Xilinx is committed to customer satisfaction. By adhering 
to the highest quality standards, the company has 
achieved leadership in the EPLD and FPGA manufactur¬ 
ing areas. 



X5780 


Wafer-Sort, Assembly and Final Test Flow for Xilinx EPLD 
Devices 



Quarterly reports describing the nature and purpose of the 
various reliability tests performed on finished devices are 
available. Please contact the Quality Assurance and Re¬ 
liability Department at Xilinx. 
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£ XILINX 


£ XILINX® 


Sales 

Offices 


HEADQUARTERS 


XILINX, Inc. 

2100 Logic Drive 
San Jose, CA 95124 
(408) 559-7778 
TWX: 510-600-8750 
FAX: 408-559-7114 

XILINX 

SALES OFFICES 

NORTH AMERICA 

XILINX, Inc. 

1281 Oakmead Pkwy. 

Suite 202 

Sunnyvale, CA 94086 
(408) 245-9850 
FAX: 408-245-9865 

XILINX, Inc. 

5690 DTC Parkway 
Suite 490W 
Englewood, CO 80111 
(303) 220-7541 
FAX: 303-220-8641 

XILINX, Inc. 

15615 Alton Parkway 
Suite 280 
Irvine, CA 92718 
(714) 727-0780 
FAX: 714-727-3128 

XILINX, Inc. 

61 Spit Brook Rd. 

Suite 403 

Nashua, NH 03060 
(603) 891-1096 
FAX: 603-891-0890 

XILINX, Inc. 

905 Airport Rd. 

Suite 200 

West Chester, PA 19380 
(610) 430-3300 
FAX: 610-430-0470 

XILINX, Inc. 

939 North Plum Grove Road 
Suite H 

Schaumburg, IL 61073 
(708) 605-1972 
FAX: 708-605-1976 

XILINX, Inc. 

6080-C Six Forks Road 
Raleigh, NC 27609 
(919) 846-3922 
FAX: 919-846-8316 

XILINX, Inc. 

4100 McEwen, Suite 237 
Dallas, TX 75244 
(214) 960-1043 
FAX: 214-960-0927 


EUROPE 

XILINX, Ltd. 

Suite IB, Cobb House 
Oyster Lane 
Byfleet 

Surrey KT14 7DU 
United Kingdom 
Tel: (44) 01-932-349401 
FAX: (44) 01-932-349499 

XILINX SARL 
Espace Jouy Technology 
21, rue albert Calmette, Bt. C 
78353 Jouy En Josas, Cedex 
France 

Tel: (33)-1 -3463-01 -01 
FAX: (33)-1-3463-01-09 

XILINX GmbH 
Dorfstr. 1 
85609 Aschheim 
Germany 

Tel: (49) 89-904-5024 
FAX: (49) 89-904-4748 

JAPAN 

XILINX K. K. 

Daini-Nagaoka Bldg. 2F 
2-8-5, Hatchobori, Chuo-ku 
Tokyo 104 
Japan 

Tel: (81) 3-3297-9191 
FAX: (81)3- 3297-9189 

ASIA PACIFIC 

XILINX Asia Pacific 
Unit 2308-2319, Tower 1 
Metroplaza 
Hing Fong Road 
Kwai Fong, N.T. 

Hong Kong 

Tel: 852-2410-2739 

FAX: 852-2494-7159 

U.S. SALES 
REPRESENTATIVES 

ALABAMA 

Electro Source 
4835 University Sq., Ste.11 
Huntsville, AL 35816 
Tel: 205-830-2533 
FAX: 205-830-5567 

ARIZONA 

Quatra Associates 
4645 S. Lakeshore Dr. 

Suite 1 

Tempo, AZ 85282 
(602) 820-7050 
FAX: 602-820-7054 

ARKANSAS 

Bonser-Philhower Sales 
689 W. Renner Road 
Suite 101 

Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 


CALIFORNIA 

SC Cubed 

31225 La Baya Dr. #111 
Westlake Village, CA 91362 
(818) 865-6222 
FAX: 818-865-6223 

SC Cubed 

17862 17th St. Suite 207 
Tustin, CA 92680 
(714) 731-9206 
FAX: 714-731-7801 

Quest-Rep Inc. 

6494 Weathers PI, Suite 200 
San Diego, CA 92121 
(619) 622-5040 
FAX: 619-622-5047 

Norcomp 

1267 Oakmead Pkwy 
Sunnyvale, CA 94086 
(408) 733-7707 
FAX: 408-774-1947 

Norcomp 
8880 Wagon Way 
Granite Bay, CA 95746 
(916) 791-7776 
FAX: 916-791-2223 

COLORADO 

Luscombe Engineering, Inc. 
1500 Kansas Ave. Suite IB 
Longmont, CO 80501 
(303) 772-3342 
FAX: 303-772-8783 

CONNECTICUT 

John E. Boeing, Co., Inc. 

101 Harvest Park, Bldg. 1A 
No. Plains Industrial Road 
Wallingford, CT, 06492 
(203) 265-1318 
FAX: 203-265-0235 

DELAWARE 

Delta Technical Sales, Inc. 
122 N. York Rd., Suite 9 
Hatboro, PA 19040 
(215) 957-0600 
FAX: 215-957-0920 

FLORIDA 

Semtronic Assoc., Inc. 

657 Maitland Avenue 
Altamonte Springs, FL 32701 
(407) 831-8233 
FAX: 407-831-2844 

Semtronic Assoc., Inc. 

3471 N. W. 55th Street 
Ft. Lauderdale, FL 33309 
(305) 731-2484 
FAX: 305-731-1019 


Semtronic Assoc., Inc. 

1467 South Missouri Avenue 
Clearwater, FL 34616 
(813) 461-4675 
FAX: 813-442-2234 

GEORGIA 

Electro Source 
3240 Pointe Parkway, #100 
Norcross, GA 30092 
Tel: 404-734-9898 
FAX: 404-734-9977 

IDAHO (Southwest) 

Thorson Company Northwest 
12340 NE 8th St., Suite 201 
Bellevue, WA 98005 
(206) 455-9180 
FAX: 206-455-9185 

Luscombe Engineering, Inc. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801) 268-3434 
FAX: 801-266-9021 

ILLINOIS 

Beta Technology Sales, Inc. 

1009 Hawthorn Drive 
Itasca, IL 60143 
(708) 250-9586 
FAX: 708-250-9592 

Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
(314) 291-5003 
FAX: 314-291-7958 

INDIANA 

Gen II Marketing,Inc. 

31 E. Main St. 

Carmel, IN 46032 
(317) 848-3083 
FAX: 317-848-1264 

Gen II Marketing, Inc. 

1415 Magnavox Way 
Sutie 130 

Ft. Wayne, IN 46804 
(219) 436-4485 
FAX: 219-436-1977 

IOWA 

Advanced Technical Sales 
375 Collins Road N.E. 

Cedar Rapids, IA 52402 
(319) 393-8280 
FAX: 319-393-7258 

KANSAS 

Advanced Technical Sales 
610 N. Mur-Len, Suite B 
Olathe, KS 66062 
(913) 782-8702 
FAX: 913-782-8641 


KENTUCKY 

Gen II Marketing, Inc. 

861 Corporate Dr. #210 
Lexington, KY 40503 
(606) 223-9181 
FAX: (606) 223-2864 

LOUISIANA (Northern) 
Bonser-Philhower Sales 
689 W. Renner Rd., Suite 101 
Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 

LOUISIANA (Southern) 

Bonser-Philhower Sales 
10700 Richmond, Suite 150 
Houston, TX 77042 
(713) 782-4144 
FAX: 713-789-3072 

MAINE 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

MARYLAND 

Micro Comp, Inc. 

1421 S. Caton Avenue 
Baltimore, MD 21227-1082 
(410) 644-5700 
FAX: 410-644-5707 

MASSACHUSETTS 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

MICHIGAN 

Miltimore Sales Inc. 

22765 Heslip Drive 
Novi, Ml 48375 
(810) 349-0260 
FAX: 810-349-0756 

Miltimore Sales Inc. 

3680 44th St., Suite 100 
Kentwood, Ml 49512 
(616)-554-9292 
FAX: 616-554-9210 

MINNESOTA 

Com-Tek 

6513 City West Parkway 
Eden Prairie, MN 55344 
(612) 941-7181 
FAX: 612-941-4322 

MISSISSIPPI 

Electro Source 
4835 University Sq., Ste.11 
Huntsville, AL 35816 
Tel: 205-830-2533 
FAX: 205-830-5567 
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MISSOURI 

Advanced Technical Sales 
601 N. Mur-Len, Suite 8 
Olathe, KS 66062 
(913) 782-8702 
FAX: 913-782-8641 

Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
(314) 291-5003 
FAX: 314-291-7958 

MONTANA 

Luscombe Engineering, Inc. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801) 268-3434 
FAX: 801-266-9021 

NEBRASKA 

Advanced Technical Sales 
375 Collins Road N.E. 

Cedar Rapids, IA 52402 
(319) 393-8280 
FAX: 319-393-7258 

NEVADA 

Norcomp 

(Excluding Las Vegas) 

3350 Scott Blvd., Suite 24 
Santa Clara, CA 95054 
(408) 727-7707 
FAX: 408-986-1947 

Quatra Associates 
(Las Vegas) 

4645 S. Lakeshore Dr., Suite 1 
Tempo, AZ 85282 
(602) 820-7050 
FAX: 602-820-7054 

NEW HAMPSHIRE 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

NEW JERSEY (Northern) 

Parallax 

734 Walt Whitman Road 
Melville, NY 11747 
(516) 351-1000 
FAX: 516-351-1606 

NEW JERSEY (Southern) 

Delta Technical Sales, Inc. 

122 N. York Road, Suite 9 
Hatboro, PA 19040 
(215) 957-0600 
FAX: 215-957-0920 


NEW MEXICO 

Quatra Associates 
600 Autumwood Place, S. E. 
Albuquerque, NM 87123 
(505) 296-6781 
FAX: 505-292-2092 

NEW YORK (Metro) 

Parallax 

734 Walt Whitman Road 
Melville, NY 11747 
(516) 351-1000 
FAX: 516-351-1606 

NEW YORK 

Electra Sales Corp. 

333 Metro Park 
Suite Ml03 
Rochester, NY 14623 
(716) 427-7860 
FAX: 716-427-0614 

Electra Sales Corp. 

6700 Old Collamer Rd. 

E. Syracuse, NY 13057 
(315) 463-1248 
FAX: 315-463-1717 

NORTH CAROLINA 

Electro Source 
6050 C Six Forks Rd. 

Raleigh, NC 27609 
Tel: 919-846-5888 
FAX: 919-846-0408 

NORTH DAKOTA 

Com-Tek 

6525 City West Parkway 
Eden Prairie, MN 55344 
(612) 941-7181 
FAX: 612-941-4322 

OHIO 

Bear Marketing, Inc. 

3554 Brecksville Road 
PO Box 427 

Richfield, OH 44286-0427 
(216) 659-3131 
FAX: 216-659-4823 

Bear Marketing, Inc. 

240 W. Elmwood Drive 
Suite 2010 

Centerville, OH 45459-4248 
(513) 436-2061 
FAX: 513-436-9137 

OKLAHOMA 

Bonser-Philhower Sales 
689 W. Renner Rd., Suite 101 
Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 


OREGON 

Thorson Pacific, Inc. 

9600 S.W. Oak Street, 
Suite 320 

Portland, OR 97223 
(503) 293-9001 
FAX: 503-293-9007 

PENNSYLVANIA 

Delta Technical Sales, Inc. 
122 N. York Rd., Suite 9 
Hatboro, PA 19040 
(215) 957-0600 
FAX: 215-957-0920 

Bear Marketing, Inc. 

4284 Rt. 8, Suite 211 
Allison Park, PA 15101 
(412) 492-1150 
FAX: 412-492-1155 

PUERTO RICO 

Semtronic Assoc., Inc. 
Mercantile Plaza Building 
Suite 816 

HatoRey, PR 00918 
(809) 766-0700/0701 
FAX: 809-763-8071 

RHODE ISLAND 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

SOUTH CAROLINA 

Electro Source 
6050 C Six Forks Rd. 
Raleigh NC 27609 
Tel: 919-846-5888 
FAX: 919-846-0408 

SOUTH DAKOTA 

Com-Tek 

6525 City West Parkway 
Eden Prairie, MN 55344 
(612) 941-7181 
FAX: 612-941-4322 

TENNESSEE 

Electro Source 
6050 C Six Forks Rd. 
Raleigh, NC 27609 
Tel: 919-846-5888 
FAX: 919-846-0408 


TEXAS 

Bonser-Philhower Sales 
8240 MoPac Expwy., 

Suite 295 
Austin, TX 78759 
(512) 346-9186 
FAX: 512-346-2393 

Bonser-Philhower Sales 
10700 Richmond, Suite 150 
Houston, TX 77042 
(713)782-4144 
FAX: 713-789-3072 


Bonser-Philhower Sales 
689 W. Renner Rd., Suite 101 
Richardson, TX 75080 
(214) 234-8438 
FAX: 214-437-0897 

TEXAS (El Paso County) 

Quatra Associates 
600 Autumwood Place SE 
Albuquerque, NM 87123 
(505) 296-6781 
FAX: 505-292-2092 

UTAH 

Luscombe Engineering Co. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801) 268-3434 
FAX: 801-266-9021 

VERMONT 

Genesis Associates 
128 Wheeler Road 
Burlington, MA 01803 
(617) 270-9540 
FAX: 617-229-8913 

VIRGINIA 

Micro Comp, Inc. 
8811Timberlake Rd. 

Suite 107 

Lynchburg, VA 24502 
(804) 239-2626 
FAX: 804-239-1333 

WASHINGTON 

Thorson Pacific, Inc. 

14575 Bell-Red Rd. 

Suite 102 

Bellevue, WA 98007 
(206) 603-9393 
FAX: 206-603-9380 

WASHINGTON 
(Vancouver, WA only) 

Thorson Pacific, Inc. 

9600 S.W. Oak Street 
Suite 320 

Portland, OR 97223 
(503) 293-9001 
FAX: 503-993-9007 

WASHINGTON D.C. 

Micro Comp, Inc. 

1421 S. Caton Avenue 
Baltimore, MD 21227-1082 
(410) 644-5700 
FAX: 410-644-5707 

WEST VIRGINIA 

Bear Marketing, Inc. 

4284 Rt. 8 Suite 211 
Allison Park, PA 15101 
(412) 492-1150 
FAX:412-492-1155 


WISCONSIN (Western) 
Com-Tek 

6525 City West Parkway 
Eden Prairie, MN 55344 
(612)941-7181 
FAX: 612-941-4322 

WISCONSIN (Eastern) 

Beta Technology Sales, Inc. 
9401 N. Beloit, Suite 409 
Milwaukee, Wl 53227 
(414) 543-6609 
FAX: 414-543-9288 

WYOMING 

Luscombe Engineering, Inc. 
670 East 3900 South #103 
Salt Lake City, UT 84107 
(801) 268-3434 
FAX: 801-266-9021 

INTERNATIONAL 

SALES 

REPRESENTATIVES 

ASEAN 

(Singapore, Malaysia, 
Indonesia, Thailand, 
Phillippines, Brunei) 

MEMEC Asia Pacific Ltd. 

10 Anson Rd. #14-02 
International Plaza 
Singapore 0207 
Tel: (65) 222-4962 
FAX: (65) 222-4939 

AUSTRALIA 

Advanced Component Dist. 
Suite 5, Level 1, "Metro Centre" 
124 Forest Rd. Hurstville 2220 
P.O.Box 574 Hurstville 2220 
Australia 

Tel: (61)2-585-5030 
FAX: (61)2-580-1095 

Advanced Component Dist. 

Unit 2,17-19 Melrich Road 
Bayswater VIC 3153 
Melbourne, Australia 
Tel: (61) 3-762-7644 
FAX: (61) 3-762-5446 

Advanced Component Dist. 
Enterprise Unit 1, Suite 1 
Technology Park 
Bentley WA 6102 
Australia 

Tel: (61) 9-472-3232 
FAX: (61) 9-470-2303 

Advanced Component Dist. 

20D William Street 
Norwood SA 5067 
Australia 

Tel: (61) 8-364-2844 
FAX: (61)8-264-2811 


Distributed in North America By 


Hamilton Hallmark 
Locations throughout 
the U.S. and Canada. 
1-800-332-8638 
FAX: 1-800-257-0568 


Marshall Industries 
Locations throughout 
the U.S. and Canada. 
1-800-522-0084 
FAX: 818-307-6297 


Insight Electronics 
Locations throughout 
the U.S. 
1-800-677-7716 
FAX: 619-587-1380 


Phase 1 Technology Corp. 

46 Jefryn Blvd. 

Deer Park, NY 11729 

(516) 254-2600 

FAX: 516-254-2693 

FAX: 516-254-2695(NY sales) 


Nu Horizons 
Electronics Corp. 
Locations throughout 
the U.S. 

(516) 226-6000 
FAX: 516-226-6262 
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Advanced Component Dist. 
Ste. 1,10-48 Beaudeser Rd. 
Cooper Plains QLD 4108 
Queensland, Australia 
Tel: (61)7-875-1113 
FAX: (61) 7-275-3662 

AUSTRIA 

SEI Elbatex GmbH 
Eitnergasse 6 
A-1231 Wien 
Austria 

Tel: (43) 1-81602-0 
FAX: (43) 1-81602-400 

BELGIUM & LUXEMBURG 

SEI Rodelco NV 
Limburg Stirum 243 
1780 Wemmel 
Belgium 

Tel: (32) 2-460-0560 
FAX: (32) 2-460-0271 

CANADA 

(BRITISH COLUMBIA) 

Thorson Company Northwest 
4170 Still Creek Dr. #200 
Burnaby BC V6C 6C6 
Canada 

Tel: (604) 294-3999 
FAX: (604) 299-4511 

CANADA (ALBERTA) 

Electro Source 
6875 Royal Oak Ave. 

Burnaby BC V5J 4J3 
Canada 

Tel: (604) 435-2533 
FAX: (604)-435-2538 

CANADA (OTTAWA) 

Electro Source, Inc. 

300 March Road, Suite 203 
Kanata, Ontario K2K 2E4 
Canada 

Tel: (613) 592-3214 
FAX: (613)-592-4256 

CANADA (TORONTO) 

Electro Source, Inc. 

230 Galaxy Blvd. 

Rexdale Ontario M9W 5R8 
Canada 

Tel: (416) 675-4490 
FAX: (416)-675-6871 

CANADA(QUEBEC) 

Electro Source 
6600 TransCanada Hwy 
Suite 420 

Point Claire Quebec H9R 4S2 
Canada 

Tel: (514) 630-7486 
FAX: 514-630-7421 

CHINA PEOPLE'S 
REPUBLIC 

MEMEC Asia Pacific Ltd. 

Unit No.2308-2319, Tower 1 
Metroplaza, Hing Fong Rd. 
Kwai Fong, N.T. Hong Kong 
Tel: (852) 2410-2780 
FAX: (852) 2401-2518 


CZECH REPUBLIC 

SEI Eljapex/Elbatex GmbH 
Prechodni 11 
CZ-140 00 Praha 4 
Czech Republic 
Tel: (02)-692-8087 
FAX: (02)-471-82-03 

DENMARK 

Dana Tech A/S 
Krogshoejvej 51 
DK-2880 Bagsvaerd 
Denmark 

Tel: (45)44-37 71 10 
FAX: (45) 44-37 71 12 

Dana Tech AS 
Elkaervej30 
DK-8230 Rabyhoej 
Denmark 

Tel: (45) 86-253100 
FAX: (45) 86-253102 

FINLAND 

Field OY Instrumentarium 
Niittyl&ntie 5 
SF-00620 Helsinki 
Finland 

Tel: (358) 0-777571 
FAX: (358) 0-798853 

FRANCE 

Rep'tronic 

1 Bis, rue Marcel Paul 
Z.I. La Bonde 
F-91742 Massy 
France 

Tel: (33) 1-60139300 
FAX: (33) 1-60139198 

AVNET/EMG. 

79 Rue Pierre S6mard B.P. 90 
92322 Chatillon Cedex 
France 

Tel: (33) 1 49 65 25 00 
FAX : (33) 1 49 65 27 69 

AVNET Composant 

Sud-Ouest 

Technoparc 

Bat.4, Voie 5-BP404 

31314 Labdge C6dex 

France 

Tel: (33)61 39 21 12 
FAX: (33) 61 39 21 40 

AVNET Composant 
Aquitaine 

16 Rue Frangois Arago 
Zi du Phare 
33700 M6rignac 
France 

Tel: (33) 56 55 92 92 
FAX: (33) 56 34 39 99 

AVNET Composant 

Rhdne-Auvergne 

Parc Club du Moulin & Vent 

B3t 32-33, rue du Dr-G.Levy 

69693 V6nissieux Cedex 

France 

Tel: (33) 7800-1280 
FAX: (33) 7875-9597 


AVNET Composant 
Saint Etienne 

Le Chatelet-5 place Carnot 
42000 Saint etienne 
France 

Tel: (33) 77 92 77 66 
FAX: (33) 77 92 77 30 

AVNET Composant 
Ouest 

Technoparc-B&t.E 
4 Av. des Peupliers, B.P. 43 
35511 C6sson S6vign6 Cedex 
France 

Tel: (33) 99 83 84 85 
FAX: (33) 99 83 80 83 

AVNET Composant 
Rh6ne-Alpes 
Zac des B6ali6res 
23 Av. de Granier 
38240 Meylan 
France 

Tel: (33)76 90 11 88 
FAX: (33) 76 41 04 90 

AVNET Composant 
Nantes 

Le Sillon de Bretagne 
23e 6tage-Aile C 
8 Av.des Th6baudi6res 
44800 Saint Herblain 

Franco 

Tel: (33) 40 63 23 00 
FAX: (33) 40 63 22 88 

AVNET Composant 
Marsielle 

17, bd. Andri Aune 
13006 Marseille 
France 

Tel: (33) 91 54 15 28 

GERMANY 

AvnetE2000 
Stahlgruberring 12 
81829 Munchen 
Germany 

Tel: (49) 89-45110209 
FAX: (49) 89-428313 

Avnet E2000 
Kurfiirstenstr. 126 
10785 Berlin 
Germany 

Tel: (49) 30-2110761 
FAX: (49) 30-2141728 

Avnet E2000 
Ivo-Hauptmann-Ring 21 
22159 Hamburg 
Germany 

Tel: (49) 40-696-9520 
FAX: (49) 40-696-2787 

Avnet E2000 
Benzstr. 1 
70826 Gerlingen 
Stuttgart Germany 
Tel: (49) 7156-356-0 
FAX: (49) 7156-28084 

Avnet E2000 
Heinrich-Hertz-Str. 52 
40699 Erkrath 
Dusseldorf Germany 
Tel: (49) 211-92003-0 
FAX: (49)211-92003-20 


Avnet E2000 
Schmidtstr. 49 
60326 Frankfurt/M. 
Germany 

Tel: (49) 69-973804-0 
FAX: (49) 69-7380712 

Avnet E2000 
Kilianstr. 251 
90411 Nurnberg 
Germany 

Tel: (49)911-9325551 
FAX: (49)911-320821 

Metronik GmbH 
Leonhardsweg 2 
82008 Unterhaching 
Munchen Germany 
Tel: (49) 89-611080 
FAX: (49) 89-61108110 

Metronik GmbH 
Zum Lonnenhohl 38 
44319 Dortmund 
Germany 

Tel: (49) 231-217041-43 
FAX: (49) 231-210799 

Metronik GmbH 
Carl-Zeiss Str.6 
25451 Quickborn 
Hamburg Germany 
Tel: (49)4106-773050 
FAX: (49) 4106-773052 

Metronik GmbH 
Siemensstr. 4-6 
68542 Heddesheim 
Mannheim Germany 
Tel: (49) 6203-4701/03 
FAX: (49) 6203455-43 

Metronik GmbH 
Pilotystr. 27/29 
90408 Nurnberg 
Germany 

Tel: (49)911-363536 
FAX: (49)911-353986 

Metronik GmbH 
Lowenstr. 37 
70597 Stuttgart 
Germany 

Tel: (49)711-764033/35 
FAX: (49)711-7655181 

Metronik GmbH 
Liessauer Pfad 17 
13503 Berlin 
Germany 

Tel: (49) 304361219 
FAX: (49) 30-431-5956 

Metronik GmbH 
Schonauer Str. 113 
04207 Leipzig 
Germany 

Tel: (49)341-498-14-13 
FAX: (49)341-498-14-24 

Metronik GmbH 
Bahnstrasse 9 
65205 Wiesbaden 
Germany 

Tel: (49) 611702083 
FAX: (49)611702886 


Intercomp 
Am Hochwald 42 
82319 Starnberg 
Munchen Germany 
Tel: (49)8151-16044 
FAX: (49) 8151-79270 

Intercomp 
Kniebisstr. 40/1 
78628 Rottweil 
Stuttgart Germany 
Tel: (49) 741-1 48 45 
FAX: (49) 741-1 52 20 

Intercomp 
Schustergasse 35 
55278 Kfingernheim 
Frankfurt Germany 
Tel: (49) 6737-9881 
FAX: (49) 6737-9882 

GREECE 

Peter Caritato & Assoc. S. A. 
Llia lliot, 31 
Athens 11743 Greece 
Tel: (30) 1-9020115 
FAX: (30) 1-9017024 

HONG KONG 

MEMEC Asia Pacific Ltd. 

Unit No. 2308-2319, Tower I 
Metroplaza, Hing Fong Road, 
Kwai Fong, N.T. 

Hong Kong 

Tel: (852) 2410 2780 

FAX: (852) 2401 2518 

HUNGARY 

SEI Dataware KFT/Elbatex 
GmbH 

Angol Utca 22 
H-1149 Budapest 
Hungary 

Tel: (36) 1163 5081 
FAX: (36) 1251-5517 

SEI Eljapex/Elbatex GmbH 
Vaci u 202 
H-1138 Budapest 
Hungary 

Tel: (36) 1-140-9194 
FAX: (36) 1-220-9478 

INDIA 

Core El Micro Systems 
45131 Manzanita Court 
Fremont, California 94539 
USA 

Tel:(510) 770-1066 
FAX: 510-657-1525 

Core El Logic System 
ETD, Crompton Greaves Ltd. 
First Floor, Surya Bhawan 
Pune 411005 India 
Tel: (91)212-323982 
FAX: (91)212-332838 

IRELAND 

Memec Ireland Ltd. 

Block H Lock Quay 
Clare Street 
Limerick 
Ireland 

Tel: (353)61-411842 
FAX: (353)61-411888 
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Sales Offices 


ISRAEL 

E.I.M International Ltd. 

9 Hashiloach Street 
P.O. Box 4000 
Petach Tikva 49130 
Israel 

Tel: (972) 3-92 33257 
FAX: (972) 3-924 4857 

ITALY 

ACSIS S.R.L. 

Via Alberto Mario. 26 
20149 Milano, Italy 
Tel: (39) 2-48022522 
FAX: (39) 2-48012289 

ACSIS S.R.L. 

Via B.Battista Spagnol 61 
00144 Roma, Italy 
Tel: (39) 6-5296589 
FAX: (39) 6-5296588 

Silverstar-Celdis 
Viale FulvioTesti 280 
20126 Milano, Italy 
Tel: (39) 2-66125 1 
FAX: (39) 2-66101359 

Silverstar-Celdis 
Via Bille.26 
63023 Fermo, 

Ascoli Piceno, Italy 
Tel: (39) 734-226181 
FAX: (39) 734-229330 

Silverstar-Celdis 
Via Collamarini, 22 
40138 Bologna, Italy 
Tel: (39) 51-538500 
FAX: (39) 538831 

Silverstar-Celdis 
Via Paisiello,30 
00198 Roma, Italy 
Tel: (39) 6-8848841 
FAX: (39) 6-8553228 

Silverstar-Celdis 
Piazza Adriano 9 
10139 Torino, Italy 
Tel: (39) 11-43-45700 
FAX: (39) 114473306 

Silverstar-Celdis 
Centro Direzionale Benelli 
Via Del Monaco, 16 
61100 Pesaro, Italy 
Tel: (39) 721-26560 
FAX: (39) 721-400896 

Silverstar-Celdis 
Via Masaccio, 175 
50132 Firenze, Italy 
Tel: (39) 55-572418 
FAX: (39) 55-579575 

Silverstar-Celdis 
Via Marini 20/10 
16033 Lavagna-Genova 
Italy 

Tel: (39) 185-325325 
FAX: (39) 185-325324 

JAPAN 

Okura Electronics Co., Ltd. 
3-6, Ginza 2-chome, 
Chuo-ku, 

Tokyo, 104 Japan 
Tel: (81)3-3564-6871 
FAX: (81) 3-3564-6870 


Okura Electronics 
Service Co., Ltd. 

Yokota Bldg 
Ginza 2-11-5 
Chuo-Ku, 

Tokyo, 104 Japan 
Tel: (81) 3-3545-2360 
FAX: (81) 3-3545-2351 

Tokyo Electron Ltd. 

TBS Broadcasting Center 

5- 3-6- Akasaka, Mingto-Ku 
Tokyo, 163 Japan 

Tel: (81)3-5561-7212 
FAX: (81) 3-5561-7389 

Towa Elex Co., Ltd. 

Unity Bldg. 5F 

6- 5 Nihonbashi Tomisawa-cho 
Chuo-Ku, Tokyo 103 

Japan 

Tel: (81)3-5640-1241 
FAX: (81) 3-5640-1240 

Varex Co., Ltd. 

Nippo Shin-Osaka No. 2 Bldg. 
1-8-33, Nishimiyahara, 
Yodogawa-ku, 

Osaka, 532 Japan 
Tel: (81)6-394-5201 
FAX: (81) 6-394-5449 

Marubun Corporation 
Marubun Daiya Bldg. 801, 
Nihonbashi Odenmacho, 
Chuo-ku 

Tokyo, 103 Japan 
Tel: (81) 3-3639-5210 
FAX: (81) 3-3639-3727 

Kaga Electronics Co., Ltd. 
1-26-1 Otowa 
Bunkyo-ky 
Tokay 112, Japan 
Tel: (81) 3-3942-6224 
FAX: (81)3-3942-6215 

THE NETHERLANDS 

SEI Rodelco BV 
P.O.Box 6824 
Takkebijsters 2 
4802 HV Breda 
The Netherlands 
Tel: (31)76-784911 
FAX: (31)76-710029 

NEW ZEALAND 

Advanced Component Dist. 
P.O.Box 24-500 
Royal Oak, Auckland 
New Zeland 
Tel: (09) 636-5984 
FAX: (09) 636-5905 

Advanced Component Dist 
P.O.Box 43-412 
Walnut Business Centre 
Wainviomata, Wellington 
New Zeland 
Tel: (04) 564-4902 
FAX: (09) 564-4008 

Advanced Component Dist. 
Wore Chanbers 
69 Worcester St. 

Christchurch 
New Zeland 
Tel: (03) 379-3889 
FAX: (03) 379-3072 


NORWAY 

BIT Elektronikk AS 
Smedsvingen 4 
P.O. Box 194 
1364 Hvalstad 
Norway 

Tel: (47) 2-98 13 70 
FAX: (47)2-98 13 71 

POLAND 

SEI NEIjapex/Elbatex GmbH 
Ul. Hoza 29/31-6 
PL-00-521 Warszawa 
Poland 

Tel: (48) 2625-4877 
FAX: (48) 2221-6331 

PORTUGAL 

TECMIC 

Av. Duque dAvila 23-1 q 
1000 Lisboa 
Portugal 

Tel: (351) 1-31001-65 
FAX: (351) 1-352-63-14 

RUSSIA 

Scan 

10/32 "B" Druzhby St. 

117330 Moskva 
Russia 

Tel: (7) 095-1436641 
FAX: (7) 095-9382247 

Vostorg 

3 Rue des Acacias 
91370 Verrieres le Buisson 
France 

Tel: (33) 1-6920-4613 
FAX: (33) 1-6011-5543 

SINGAPORE 

MEMEC Asia Pacific Ltd. 
Singapore Representative Office 
10 Anson Road #14-02 
International Plaza 
Singapore 0207 
Tel: (65)-222-4962 
FAX: (65)-222-4939 

SLOVAK REPUBLIC 

Topoicianska 23 
SQ-851 05 Bratislava 
Tel: (42) 7831-320 
FAX: (42) 7831-320 

SLOVENIA/CROATIA 

SEI Eljapex/Elbatex GmbH 
Stegne 19, PO Box 19 
SLO-61-117 Ljubljana 
Tel: (061) 191-126-507 
FAX: (061) 192-398-507 

SOUTH AFRICA 

South African Micro-Electronic 
Systems (PTV) Ltd. 

2 Rooibok Avenue 
Koedoespoort, Pretoria 
Republic of South Africa 
Tel: (27) 12-736021 
FAX: (27) 12-737084 

Interface International Corp. 
15466 Los Gatos Blvd., 

Suite 211 

Los Gatos, CA 95032 USA 
Tel: (408) 356-0216 
FAX: (408) 356-0207 


SOUTH AMERICA 

DTS Ltda. 

Rosas 1444 

Santiago 

Chile 

Tel: (56) 2-697-0991 
FAX: (56) 2-699-3316 

Reycom Electronica S.A. 

Bdo. de Irigoyen 
972 Piso 2do "B" 

1304 Buenos Aires 
Argentina 

Tel: (54) 1-304-2018 
FAX: (54) 1-304-2010 

Hitech 

Divisao de Hicad Sistemas Ltda. 

Av. Eng. Louiz Carlos Berrini 801 

04571-Brooklin 

Sao Paulo, Brazil 

Tel: (55) 11-531-9355 

FAX: (55) 11-240-2650 

SOUTH KOREA 

MEMEC Asia Pacific Ltd. 

4FL, Je Woong Bldg.,176-11 

Nonhyun-dong 

Kangnam-ku 

Seoul, 135-010, South Korea 
Tel: (82) 2-518-8181 
FAX: (82) 2-518-9419 

SOUTHEAST ASIA 

MEMEC Asia Pacific Ltd. 

Unit No.2308-2319, Tower I 
Metroplaza, Hing Fong Road, 
Kwai Fong, N.T. 

Hong Kong 

Tel: (852) 410-2780 

FAX: (852) 401-2518 

SPAIN 

SEI ADM Electronics SA 
Calle Tomas Breton, 
no 50, 3-2 Planta 
28045 Madrid 
Spain 

Tel: (34) 1-5304121 
FAX: (34) 1-5300164 

SEI ADM Electronics SA 
Mallorca 1 
08014 Barcelona 
Spain 

Tel: (34) 3-4266892 
FAX: (34) 3-4250544 

SEI ADM Electronica, SA 
Herriko Gudarien, 8-1B 
48200 Durango (Vizcaya) 

Spain 

Tel: (34)-4-6201572 
FAX: (34)-4- 6202331 

SWEDEN 

DipCom Electronics AB 
P.O. Box 1230 
S-164 28 Kista 
Sweden 

Tel: (46) 8 752 24 84 
FAX: (46) 8 751 3649 


SWITZERLAND 

Fenner Elektronik AG 
Abteilung Bauteile 
Gewerbestr. 10 
CH-4450 Sissach 
Switzerland 
Tel: (41) 61 975 00 00 
FAX: (41) 61 971 7420 

TAIWAN 

MEMEC Asia Pacific Ltd. 
14F, No. 46, Lane 11 
Kuang Fu North Road 
Taipei 

Taiwan R.O.C. 

Tel: (886) 2-760-2028 
FAX: (886) 2-765-1488 

Solomon Technology Corp. 
7th Floor, No. 2, Lane 47 
Sec. 3, Nan-Kang Rd. 

Taipei 

Taiwan, R.O.C. 

Tel: (886) 2-788-8989 
FAX: (886) 2-788-8029 

TURKEY 

Aztech Electronics Corp 
524 42nd St. #200 
Union City, New Jersey 
07087 

Tel: (201) 867-2271 
FAX: (201) 867-2162 

Aztech Electronik 
Kaptanpasa Sokak No. 27/2 
06700 Gaziosmanpasa 
Ankara 
Turkey 

Tel: (90) 312 447 0384 
FAX: (90) 312 447 0387 

UK 

Microcall Ltd. 

17 Thame Park Road 
Thame 

Oxon OX9 3XD 
England 

Tel: (44) 01844-261939 
FAX: (44) 01844-261678 

Cedar Technologies 
Unit One Old Barns 
Milton Common 
Oxfordshire OX9 2NZ 
England 

Tel: (44) 01844-278278 
FAX: (44) 01844-278378 

Avnet EMG Ltd. 

Jubilee House 
Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
England 

Tel: (44) 01462-488500 
FAX: (44) 01462-488555 

MEMEC PLC 

17, Thame Park Road 

Thame 

Osfordshire, OX9 3XD 
Tel: (44) 1844 261919 
FAX: (44)1844 261683 
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